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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


‘¢Micro’’ Water-Power Plants 


HE term “micro” power, rather misleading to 

English ears, has been invented in France and 

has been applied in that country to small hydro- 
electric installations which, although individually in- 
significant compared with a major scheme, are never- 
theless of importance in local areas, and if the circum- 
stances permit, are capable of contributing useful 
blocks of energy to a large distribution network. Such 
small plants have recently been the subject of a short 
report which has been issued by the United Nations 
Economic Council on Rural Electrification,* a subject 
which is receiving increasing attention in practically 
all parts of the world. 

Electricité de France, in consultation with plant 
manufacturers, has ascertained that of 5,000 cases 
studied 80 per cent. could be met by a turbine of 
12, 40 or 120 h.p. The smallness of this range of 
equipment is surprising and is certainly important 
from the economic standpoint as it suggests that a 
few standardised types of plant could be devised 
which would greatly reduce the cost of manufacture 
and installation. It is estimated that if 150 units of 
one type could be manufactured the saving in cost 
would be at least 25 per cent. compared with a single 
unit, and greater economy still would be secured if 
larger numbers could be ordered at the same time. 
It is, of course, essential that elaboration be kept 
down to a minimum and one designer is stated to 
have devised a low-head unit which can be sited in 
the retaining wall of a dam, thus eliminating the head- 
race, tailrace and conventional housing. Other designs 
contain the generating unit in a one-piece meial 
housing which is continued downwards to form an 
extension for the turbine runner and draught tube. 

As a step towards simplification and cheapness it 
is recommended that the sets should be run at a fairly 
constant load, feeding the surplus power on to resist- 
ances if necesary, and thus reducing the function of 
the regulator to cutting out these resistances from the 
* Rural Electrification. Vol. I (E/ECE/173). Published by the United 

Nations Economic Council and obtainable from the Sales Section, 


Furopean Office of the United Nations, Palais des Nations, Geneva 
Switzerland. Price Ils. or $1.50 
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circuit, one by one, as the load increases. This would 
permit the use of extremely simple turbine equipment 
with fixed gates and either a Francis or propeller-type 
runner of high specific speed. 

Where an existing distributing network is con- 
veniently near, it is considered that plants of even 
very modest powers might profitably be connected 
with it. In such instances the report recommends that 
the generators should be of the asynchronous type. 
If such a generator, preferably with a short-circuited 
rotor, is linked with a network and driven slightly 
faster than the synchronising speed, it would feed 
active power into the network and derive the reactive 
energy it required for its own excitation from the 
system. This type of generator, it will be recollected, 
has been used for the compensation water at Pitlochry 
and several other of the Scottish schemes. Precautions 
have to be taken, of course, in the event of the main 
network becoming unloaded but this can be easily 
guarded against by simple protective arrangements. 
The great advantage of installing such a generator is 
that it is amenable to fully automatic control and thus 
involves no supervision costs, the only attention 
required being limited to lubricating the mechanical 
parts and cleaning the screens. 

With micro plants that are necessarily isolated the 
use of ordinary synchronous alternators is recom- 
mended, and if many plants are functioning it is sug- 
gested that the necessary maintenance work should 
be done by a centralised organisation having well- 
trained personnel at its disposal. The use of a 
“standard replacement” system is advised and to this 
end the equipment should be designed in easily detach- 
able units. Generally, the aim would be to equip an 
entire district with plant falling, say, within the three- 
capacity range which has been mentioned, as reason- 
able performance figures could be relied upon so long 
as the load figure was above 50 per cent. of the rated 
capacity. 

It is suggested in the report that such a country 
as Turkey, in particular, might derive great benefit 
from installing isolated plants of this kind. There is 
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everywhere an abundance of small streams and the 
population tends to be compactly grouped in small 
towns and villages as opposed to being spread over the 
countryside in remote dwellings. Numerous small 
gravity wheels are in operation for grinding grain in 
the vicinity of these inhabited areas and large numbers 
of other sites are exploitable with heads ranging from 
10 to 60 ft. Very similar conditions also exist in 
Greece and Yugoslavia, and as the report states, it is 
patently advisable to exploit these resources before 
turning to wind power, always somewhat uncertain, 
or to tidal installations which are cyclical and in- 
evitably require large capital expenditure. 


Asian Water-Resources Conference 


Questions connected with the control and utili- 
sation of Asia’s vast water resources for irrigation, 
navigation, water-power development, flood control 
and the conservation and protection of soil from 
erosion were discussed at a technical conference, 
organised by the United Nations Economic Commis- 
sion for Asia, and held in Tokyo, May 17—22. This 
conference and incidental study tours to various 
Japanese dams and multiple-purpose projects pro- 
vided an opportunity to review recent Asian water- 
resource developments and to exchange ideas and 
experiences about projects in a field that is of para- 
mount importance to this region. 

Special attention was directed to river valley multi- 
purpose projects, and the magnitude of the pro- 
grammes envisaged may be judged from that of India 
where an outlay equivalent to approximately $1,400 
million, or £500 million, is to be devoted to a five- 
year plan for irrigation and power projects. The anti- 
cipated capital outlay in Japan on water-resource 
projects is expected to amount for the next four years 
to an equivalent of $350 million or approximately 
£130 million. 


Research on Water Hammer 


AN interesting paper on “ Transmission of Water- 
Hammer Pressures through Surge Tanks” has been 
presented by Dr. O. C. Zienkiewicz and Dr. P. Haw- 
kins to the Institution of Mechanical Engineers for 
written discussion. The paper relates to research 
undertaken primarily to check the validity of the 
various assumptions made in calculating the con- 
ditions obtaining in the region of the constrictions in 
orifice and differential surge chambers. 

Since much depended on the accuracy of the experi- 
ments, a new experimental technique was evolved 
which eliminated all factors extraneous to the main 
problem. The layout represented on a small scale a 
typical surge-tank installation. In contrast to previous 
model investigations, where water hammer was pro- 
duced by valve-closure methods, in this instance a 
static water system with a spring-loaded piston was 
used, thereby producing appreciable pressures in a 
very compact layout. Pressure-time measurements 
were made electronically and recorded on a 35 mm. 
film. Condenser-type pressure gauges were used. 
Experiments were carried out on simple, orifice, and 
differential, surge tanks and in each instance simul- 
taneous records were taken of the advancing and 
transmitted pressure waves. With the orifice surge 
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tanks an additional recording point was placed above 
the orifice. 

The simple assumptions of plane wave fronts in 
the vicinity of the junction, and of concentrated orifice 
loss, were made in an adaptation of the Schnyder- 
Bergeron graphical method. A comparison between 
results obtained by this theory and by experiment 
was obtained by using the pressure-time record of 
the advancing wave as a basis of calculation of trans- 
mitted pressure and pressure above the orifice. In all 
instances the agreement between theory and experi- 
ment was very satisfactory. confirming that for all 
practical purposes the basic assumptions were correct. 
In some twenty sets of records obtained, the maxi- 
mum deviation of the calculated transmitted pressure 
maxima from those obtained by experiment was of 
the order of 7 per cent., and in most instances the 
discrepancy was of the order of 2—3 per cent. 

On this theoretical basis, formulae for maximum 
transmitted pressure are presented for the hypothetical 
case of instantaneous gate closures. For slower gate 
closures it is impracticable to quote formulae, either 
for maximum pressure or even for the time at which 
this occurs, but an illustration of the step-by-step 
graphical solution is given for a typical case. This 
example includes a calculation for a given installation 
with each of the three types of surge tank already 
mentioned. The tanks are matched for peak mass 
oscillations in order that their performances in water- 
hammer suppression may be compared. 


Cabril Power Station, Portugal 


THE first of the two 61 MVA 15-5 kV generating 
sets at the Cabril power station of the Hidro-electrica 
do Zezere in Portugal have now been put into com- 
mission. This fulfilment of the original programme 
for getting the first set into service is a considerable 
achievement on the part of the Hidro-electrica do 
Zezere and the contractors. The dam, which is 433 
feet high, is one of the highest in Europe, and the 
generating sets are amongst the largest installed. The 
turbines each have an output of 74,800 h.p. at the 
maximum head of 397 ft., and the generators give 
61 MVA as a maximum continuous rating. The three- 
phase transformers are rated at 61 MVA 15-5/165 kV. 
There are two generator transformer circuit breakers 
and one feeder breaker. each of the airblast type, for 
165 kV. 

The mechanical and electrical equipment was sup- 
plied and installed by two British companies, The 
English Electric Export and Trading Company and 
Metropolitan Vickers Electrical Export Company 
Limited, known in Portugal as the British Group. 
This group, it will be recalled, also supplied similar 
equipment at the Castelo do Bode power station about 
434 miles downstream of Cabril on the Zezere river. 


Hydro Power for Titanium 


Tue Shawinigan Water and Power Company has 
been successful in making high-grade titanium metal 
by an electrolytic process, and is now planning to 
expand this work to the scale of a larger pilot plant 
as a step toward commercial production. Announcing 
this development recently, Mr. J. A. Fuller, the presi- 
dent, stated his belief that it would be possible to 
make titanium on a commercial scale at prices sub- 
stantially lower than had hitherto been possible. 
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Comparable to steel in strength, and with a weight 
about half-way between steel and aluminium, non- 
corrosive and highly heat-resistant, titanium meets 
many special engineering requirements, but it costs 
about 35s. a pound in sponge form, and several times 
that in fabricated form, as at present produced. 

It is understood that the Shawinigan electrolytic 
method is capable of being developed into a continu- 
ous process instead of the batch system by which the 
world’s supply of titanium metal has hitherto been 
produced. By 1953 the total annual production of 
titanium sponge was only 2,450 tons but this year 
American producers alone are aiming at 4,500 tons, 
and are in some hope of producing 35,000 tons per 
annum by 1957. 


Jamaica Contract 


THE Jamaica Public Service Co. Ltd. have placed 
a contract with the Harland Engineering Co. Ltd. for 
the generating plant for the new Rio Bueno power 
station, Jamaica. The station will be equipped with a 
single 2,940 kVA, 3 phase, 6,900 V vertical shaft 
generator driven by a 3,550 b.h.p. “Harland-Morgan- 
Smith” Francis turbine operating under a head of 
205 ft. 

As in the case of the Lower White River generating 
station, Jamaica, where a 6,700 b.h.p. unit was in- 
stalled by the same makers, the Rio Bueno set will 
be designed for a frequency of 40 cycles per second; 
when eventually the frequency of the island network 
is changed to 50 cycles, the speeds of these sets will 
be changed to generate 50 cycle current, provision 
having been made for this to be effected very simply. 


British Columbia’s Potential 


Ar the annual banquet of the Department of Com- 
merce, University of British Columbia, Mr. A. E. 
Grauer, President of the B.C. Electric Co. Ltd., 
stated that British Columbia rejoiced in having, along 
with Quebec, by far the largest undeveloped hydro- 
electric resources in Canada. Her undeveloped poten- 
tial was almost as large as the total hydro power now 
developed in Canada. These water resources were 
spread throughou: the Province and indicated wide- 
spread future development. Immediately available to 
Vancouver and the south-west part of the Province 
(which held the bulk of its population and business) 
were about 600,000 h.p. ready to be developed 
which did not interfere in any way with the salmon 
run on the Fraser River, and over 3,000,000 h.p. on 
the main stem of the Fraser which did involve certain 
problems relating to the protection of salmon. 

With the example of the giant Nechako-Kemano- 
Kitimat project in mind, it was possible to appre- 
ciate the importance of the remaining large potential 
of hydro-electric developments. Going clockwise from 
Vancouver, about 130 miles north of Vancouver was 
the Homathko-Chilko proposal, capable of producing 
nearly 1,000,000 h.p. at tidewater at Bute Inlet. Again, 
north of Prince Rupert were a number of rivers and 
lakes, chiefly the Stikine, Iskut and Dease Rivers and 
Dease Lake, which had not yet been thoroughly sur- 
veyed but which had provisionally been rated around 
6,000,000 h.p. This energy could be made available 
at tidewater at the mouth of the Nass River. 

Far north, straddling the B.C.-Yukon border were 
a group of lakes and streams with a potential de- 
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velopment of up to 5,000,000 h.p. which could be 
used at tidewater both in Alaska, as proposed by 
the Aluminium Company of America, or in British 
Columbia, probably on the Taku River 50 air miles 
from Juneau, as proposed by the Frobisher Limited- 
Ventures Limited interests; this latter concern had in 
mind a large-scale development of the mineral re- 
sources of northern B.C. and the Yukon. 

Leaving the coast and going to the north-east sec- 
tion of B.C., the Peace-River system had a potential 
of nearly 1,500,000 h.p., and the Liard River prob- 
ably had a potential of the same order. 

The south-east part of the Province had the head- 
waters of the Columbia River whose Big Bend stretch 
had a potential of nearly 2,000,000 h.p. This de- 
velopment had a uniquely important aspect. The 
Columbia River which extended from Canada to the 
United States gave rise to what was perhaps the 
world’s outstanding hydro development, with an 
eventual installed capacity of nearly 50,000,000 h.p. 


Hydro Power in Central Africa 


In the course of an address given to the Royal 
Society of Arts recently Sir William Halcrow stated 
that the Kariba and Kafue Gorge schemes should 
be regarded as being complementary rather than as 
rivals to one another. Both would be required in the 
not too distant future to meet the growing demands 
of Central Africa, and much benefit could be derived 
by interlinking the two schemes to serve a joint grid. 
By doing so, the vast storage of Kariba could virtually 
be utilised to supplement the small storage of Kafue 
and so take full advantage of the higher head that 
was available at the gorge. 

Much discussion had taken place on the relative 
merits of the Kafue and Kariba schemes but the only 
real issue that arose was as to which scheme should 
be constructed first. On purely economic grounds he 
considered that it would be advantageous to construct 
Kariba. Although the Kariba dam would have to be 
constructed to its full height before any power could 
be obtained, and extensions would consist of additions 
of plant, the lesser output of Kafue would only meet 
the prospective load in the Rhodesias for a short time. 
Any additional power must then come from Kariba, 
and as this involved the construction of the dam to 
full height, the incremental energy would become very 
costly. On the load curves forecast, it was found that 
within the limits of 400 and 1,000 MW at 70 per cent. 
load factor, construction of Kafue first would involve 
a large additional capital expenditure. 

On the other hand, he went on to say, 257 MW 
could be got from Kafue at a cost per unit less than 
from an initial development of the same size at 
Kariba, but at considerably more than that from the 
full development of Kariba. The arguments in favour 
of constructing the more quickly developed Kafue 
scheme first were that the expanding demands of the 
Copper Belt necessitated a power supply earlier than 
could be obtained from Kariba, but this argument 
has been somewhat weakened by the fact that the 
copper companies had now arranged for a temporary 
supply of power from the Belgian Congo. 

These two great schemes did not by any means, how- 
ever, he added, exhaust the power potential of Central 
Africa, as there were other sites of magnitude on the 
Zambesi and many smaller sites on its tributaries. 
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Fig. 20. Cross section through 
one of the generating units, 
Owen Falls power station 
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Fig. 21. View of power house and intake dam taken in March 1954 





Owen Falls 


This scheme, sponsored by the Uganda Electricity Board, has a 
designed capacity of 150,000 kW and will harness the Victoria Nile 
about two miles downstream from Lake Victoria. 


PART 


N our previous article we gave an account of the 

civil-engineering work involved in the Owen Falls 

development, and we will now proceed to describe 
the mechanical and electrical equipment. As already 
stated, Owen Falls has been designed for an ultimate 
capacity of 150 MW, made up of ten 15 MW sets, 
and although the greater part of the civil-engineering 
work has been undertaken for the total capacity, only 
six sets are being installed in the present development. 
The power station and intake dam lie at the western 
end of the main dam, and river control is achieved 
by means of six sluices in a sluiceway section about 
halfway along the main dam. 


Sluice Gates 

Each of these sluices is controlled either locally or 
from the power station by a free-roller dry-well gate 
9 ft. 104 in. in span and 16 ft. 8}? in. deep. These 
gates are designed to sustain and operate against an 
unbalanced head of 76 ft. to the sill, and are counter- 
balanced and electrically operated. They are of mild 
steel, with self-adjusting rubber seals, and operate in 
Meehanite guides and reception frames with naval- 
brass sealing faces. 

To enable any sluice to be dewatered for inspection, 
a free-rolling emergency gate, 9 ft. 10} in. span by 
16 ft. 8} in. deep, is provided, which can be lowered 
into any of the six floodgate culverts by a 50-ton 
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Goliath crane and lifted again under full unbalanced 
head. This crane also serves for erection and main- 
tenance of the main sluice gates. 


Turbine Intake Gates 

Twin mild-steel lifting screens, each 14 ft. span by 
29 ft. deep, are provided for each turbine at the up- 
stream face of the intake dam, and are centrally 
supported by a splitter wall approximately 18 ft. 6 in. 
long. Each screen consists of five sections bolted to- 
gether, each section being a welded plate frame with 
4 in. x § in. screen bars and trash-retaining bars. 
Indicators are supplied to show the loss of head 
across the screens. 

In order to dewater any intake for inspection or 
maintenance of the main control gate, the appropriate 
screens are replaced by mild-steel bulkhead gates, 
which are normally stored in pits along the top of 
the intake dam. They are designed to withstand an 
unbalanced head of 68 ft. to the sill, and are hoisted 
and lowered under balanced pressure conditions, for 
which purpose bypass water is drawn from the head- 
race via wet wells located between each pair of intakes 
and fitted with sluices operated from the top of the 
dam. Six bulkhead gates are provided—sufficient for 
three intakes—and the bulkhead-gate/screen reception 
frames, which are mild-steel broad-flange beams, were 
installed in all ten intakes before raising the water 
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Fig. 22. Upstream view from sluice dam, taken before flooding 


level at the intake dam. of the splitter wall. These are mild-steel free-roller 

Both the screens and the bulkhead gates are handled gates with fabric side seals and self-adjusting rubber 
by a 30-ton electric-motor-driven Goliath crane, using _ sill and lintel seals, and they are counterbalanced and 
an automatic hooking beam. and this crane is also electrically operated through gearing. They are larger 
available for erection of the main control gates, of than the sluice gates in the main dam, having a span 
which there is one per intake, situated downstream of 21 ft. 3 in. and a depth of 22 ft. 104 in., and are 
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Fig. 23. Cross section through one of the Boving 21,000 h.p. turbines 
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designed to operate against an unbalanced head of 
74 ft. in Meehanite reception frames fitted with 
Muntz-metal staunching groove and sill sealing faces. 

Provision is made just downstream of each control 
gate for installing Ott current meters for efficiency 
testing purposes. The meters are mounted on a hori- 
zontal streamlined bar fitted with a roller carriage at 
each end running in guides, which are embedded in 
the walls of the intake and covered by fairings when 
not in use. Lifting chains to manual operating gear 
mounted on the roof of the intake allow the current 
meters to be traversed over the whole section of the 
intake for velocity measurements. 

Further downstream, the intake changes from 
square to circular section, with a diameter of 21 ft. 
at the inlet to the turbine spiral casing. 


Turbines 

The turbines are vertical-shaft Kaplan - type 
machines, rated at 21,000 h.p. under a net head of 
62 ft. The normal speed is 150 r.p.m. 

The stayrings are of fabricated construction, and 
to suit transport requirements are made in quarters. 
For the same reason, the plate-steel spiral casings are 
shipped plate small and welded to the stayrings at 
site. The casings are subsequently pressure tested, 
using a bulkhead welded on to the inlet and a special 
cylinder to seal the eye of the spiral, before being 
strengthened internally with temporary timber struts 
and concreted in empty. 

The upper part of each draught tube is steel lined, 
the remainder being formed in concrete with a central 
vertical splitter wall at the outlet. Six draught-tube 
stop gates are provided—sufficient for three machines 
—and they are of the plain sliding type, 17 ft. 6 in. 
span by 14 ft. 7} in. deep, designed to sustain a head 
of 38 ft. to the sill. They are hoisted and lowered 
under balanced conditions by four hand-operated 
travelling gantry cranes, and an a.c. motor-driven de- 
watering pump discharging above maximum tailwater 
level is provided between each pair of draught tubes. 

The turbine guide bearing is whitemetal lined and is 
lubricated by an a.c. motor-driven rotofoil pump which 
transfers oil from the lower to the upper reservoir. 
A similar pump driven by a d.c. motor is also pro- 
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24. Upstream view after flooding 


vided for starting and standby, both pumps being 
mounted on the bearing housing. The standby pump 
is started automatically by a float switch in the event 
of failure of the main pump, and the turbine cannot 
be started unless there is sufficient oil in the upper 
reservoir. 

Immediately below the guide bearing is a Huhn 
water-sealing gland, and two small electric-motor- 
driven gear-type pumps (main and standby) mounted 
on the top cover dispose of any leakage water. 

Each turbine has a pumping set to supply pressure 
oil to its governor, consisting of an a.c. motor-driven 
pump mounted on an oil tank, and supplying a pres- 
sure vessel through non-return, shut-off, safety and 
unloading valves. When the pressure in the receiver 
is normal the pump runs light, but it is automatically 
loaded when the oil pressure falls about 25 Ib. per 
sq. in. below normal. The operating range of the 
unloading valve is adjustable, however. The correct 
air cushion in the receiver is normally maintained 
by an automatic oil-operated air compressor, but for 
the initial start-up, or when the air cushion is lost 
after a prolonged shut-down, a manually controlled 
motor-driven single-cylinder air-cooled compressor is 
provided. Safeguards are incorporated against loss of 
oil pressure, high and low oil level in the tank, and 
motor underspeed. 

The pumping sets may be interconnected by means 
of pressure and return-oil bus pipes, and a standby 
governor-oil pump is also provided. This is located 
on the downstream side of the station between units 
Nos. 3 and 4, and is driven by a 35 h.p. horizontal 
Francis water turbine which is supplied from a 12 in. 
bus main through a hand-operated sluice. This main 
is fed through isolating valves from each spiral casing 
and runs the full length of the station to supply 
cooling water to the alternator air coolers and other 
unit and station auxiliaries. 

The governor actuator is of the speed-sensitive type. 
the pendulum being driven by a self-starting three- 
phase 15 cycle synchronous motor fed directly from 
sliprings on the main exciter. The actuator is equipped 
with “ Stop” and “ Start” pushbuttons, speeder gear, 
speed-droop adjustment, and load limiter, and the 
movements of the actuator shaft are transmitted 
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Fig. 25. Scroll case for No. 1 turbine in course of erection 


through external levers and connecting rods to the 
guide-vane servomotor regulating valve and com- 
binator. 

The guide vanes are of cast steel and are controlled 
in the normal manner through breaking links by a 
regulating ring connected to the servomotor by a single 
connecting rod. The speed of response of the servo- 
motor to the movements of the actuator is adjusted 
to give the specified regulation and allowable pressure 
rise in the penstock. A stop valve, operated by any 
of the shut-down trips, moves the servomotor to the 
closed position, engages the guide-vane lock, and 
drains oil from the lower side of the combinator piston 
so that the runner blades assume the fully open posi- 
tion ready for restarting. The guide-vane lock may 
also be closed manually, and for inspection purposes 
the guide vanes can be locked in the fully open 
position. 

The pitch of the five stainless-steel runner blades 
is automatically adjusted to the optimum setting at 
any guide-vane opening by means of the linkage from 
the governor actuator to the combinator, which is 
mounted on the extreme top of the machine. The 
combinator piston is in turn connected to the regulat- 
ing valve of the runner-blade servomotor (which is 
housed in the top of the runner hub, see Fig. 23) bv 
a hollow rod which passes down through the bore of 
the alternator and turbine main shafts. Pressure oil 
to operate the servomotor piston via the ports of the 
regulating valve is supplied down the middle of this 
runner rod (returning to exhaust through the annulus 
between the rod and the shaft bore) and the arrange- 
ment is such that the piston follows the up-and-down 
movements of the valve. The piston is mounted on a 
piston shaft having five arms, each of which is offset 
in relation to the turning centre of the corresponding 
blade, the blades being mounted on crankpin rings 
carried by bronze-lined journal bearings on five stub 
shafts on the hub. The pin of each crankpin ring 
engages in a slipper block in the corresponding arm 
of the piston shaft, thereby imparting a rotary move- 
ment to the blades on a vertical movement of the 
servomotor piston. The radial load on the blades is 
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taken by bearing rings bolted to 
the hub. 

On each downstroke of the 
servomotor piston, five plunger 
pumps, which are attached to the 
base of the arms of the piston 
shaft, force oil through non-return 
valves to all bearing surfaces of 
the blade-angling mechanism. 

A section of the stainless-steel 
runner chamber may be with- 
drawn for inspection purposes or 
removal of a blade if necessary. 

When the alternator is to be 
run as a synchronous condenser, 
the guide vanes are closed and 
the water is depressed below the 
level of the runner by admitting 
compressed air at two points in 
the top cover. An a.c. motor- 
driven low-pressure rotary com- 
pressor feeding into a bus line 
connected to each unit is provided 
for this purpose. 

Main and standby motor-driven 
self-priming float operated station drainage pumps 
are provided at each end of the station. 


Alternators 

The alternators have a maximum continuous rating 
of 16,700 kVA at 0:8 power factor, 11,000 V, three- 
phase, 50 cycles, and are of the umbrella type with a 
combined Michell thrust and guide bearing below the 
rotor and no guide bearing above it. 

In order to cater for development of the trans- 
mission system in Uganda the alternators were 
designed to a relatively stringent specification, with a 
short-circuit ratio of 1:6, giving a_line-charging 
capacity of 16,700 kVA at zero leading power factor 
with a substantial margin in excitation voltage, and 
a voltage range at the alternator terminals of 11 kV 
+ 10 per cent. In addition, the altitude of the power 
station (approximately 3,700 ft. above sea level) and 
the high ambient temperature limited the permissible 
temperature rises to values below those normally 
acceptable. A flywheel effect of over 14 million 
lb.ft.*, giving an inertia constant of 4-5, is incorporated 
in the alternator rotor to give satisfactory speed 
governing and stability under line-fault conditions, 
which is further assisted by a transient reactance of 
21 per cent. and the use of a quick-response excitation 
system. 

As shown in Fig. 20, the alternator is mounted at 
floor level. The fabricated stator frame is shipped in 
quarters, and dovetail key bars hold the laminations 
in place. These are of low-loss high-conductivity steel. 
insulated on both sides by the flash-enamel process, 
and they are clamped between segmental steel flanges 
with welded-on steel fingers to support the core teeth. 

The stator winding is of the double-layer lap type 
and is short pitched to reduce mainly the lower har- 
monics, the higher harmonics being reduced by radial 
shaping of the air gap and the choice of an appropriate 
number of slots. The winding consists of two circuits 
in parallel per phase, and all six ends are brought out 
by flexible leads. The individual turns are of rectangu- 
lar-section copper covered with asbestos, while those 
forming a complete turn are taped with bitumen- 
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bonded mica, the end portions of the coil being re- 
inforced mechanically with glass tape. The coils are 
vacuum dried and impregnated with bitumen, and the 
straight portions then insulated with micafolium ironed 
on hot by the Haefely process. Corona shields con- 
sisting of asbestos tape treated with semiconducting 
graphite paint are fitted, the asbestos tape giving 
mechanical protection in the slot. The top and bottom 
coils in the slot are spaced apart by separators which 
are shaped where necessary to accommodate thermo- 
couples. To minimise eddy currents, one turn in each 
coil is transposed in the overhang, which is taped to 
non-magnetic support rings with spacer blocks be- 
tween turns, and lashed with glass cord to prevent 
movement under short circuit. Winding protection 
caps and air shields are provided, and low-temperature 
heaters around the base of the stator prevent con- 





Fig. 26. Interior view of welded scroll case 





Fig. 27. No. 1 runner in course of erection 
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densation when the machine is shut down. 

The rotor is bolted to flanges on the alternator 
shaft, and comprises a spider fabricated in halves, 
rim segments and poles. On account of transport 
limitations, the rotor rim is built up at site by keying 
the steel segments to the spider and bolting them 
together. The poles, which are built up of laminations 
clamped between forged-steel end plates, are secured 
by tapered keys in the T-headed slots in the periphery 
of the rim. On the first two machines the field coils 
were machine wound, and several turns project at the 
ends of each coil to assist cooling; later machines have 
fabricated field coils, and a similar cooling effect is 
achieved by inserting sections of greater width. The 
insulation is principally micanite, mechanically re- 
inforced with varnished pressboard, and the winding 
is supported by flanges of moulded insulation. A 
short-circuited winding of copper 
rods in semiclosed slots is pro- 
vided near the pole faces to damp 
oscillations initiated by system 
disturbances, to prevent hunting, 
and to reduce harmonic voltages 
under unbalanced load conditions. 
The complete rotor weighs about 
130 tons and is approximately 
19 ft. 3 in. in diameter. Fig. 29 
shows one of the rotors being 
installed at site. 

Each alternator and = main 
exciter are closed-circuit ventilated 
by means of fans mounted above 
and below the rotor rim, and a 
radial air duct through the centre 
of the rotor rim and the poles 
directs the air to the centre of the 
stator core. The hot air is dis- 
charged through openings in the 
stator frame and is cooled by 
eight air/water heat exchangers 
arranged in pairs at the four 
corners of the 28 ft. square sheet- 
steel outer casing. The air then 
returns to the machine through 
ducts underneath, and through 
openings between the arms of the 
top bracket. A motor-driven fan 
mounted between two arms of the 
top bracket supplies cooled air 
through a duct to the exciter. 
which returns to the alternator 
through filters spaced round the 
underside of the exciter frame. A 
differential pressure gauge fitted 
across each cooler gives warning 
of cooling-water supply failure or 
cooler blockage, and inlet and 
outlet air thermometers’ with 
alarm contacts are spaced round 
the alternator block. 

The fire-suppression equipment 
provides for initial and extended 
discharge of CO. into the air cir- 
cuit of any machine from a bank 
of cylinders by means of electric- 
ally operated routing valves. This 
protection is automatically initi- 
ated by the alternator circulating- 
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Fig. 28. 


current relay, or manually by the “Emergency Stop 
with CO,” pushbutton on the gauge panel. Similar 
protection is provided for the bearing oil tanks. 

The bottom bracket, which houses the combined 
thrust and guide bearing, consists of a hub bolted to 
eight radial arms. The maximum load carried by the 
thrust bearing, including the weight of all the rotating 
parts and the hydraulic thrust on the turbine runner, 
is 474 tons. The bearing parts are submerged in oil. 
which is pumped from a self-contained external cool- 
ing system by a 74 h.p. a.c. motor-driven pump. A 
similar pump, driven by a 240 V d.c. motor, starts 
automatically in the event of the oil pressure falling 
below a predetermined value, and cuts out when 
normal pressure is restored. Sight flow indicators, 
level switch, and bearing thermometers with contacts 
give protection against faulty operation of the lubri- 
cation system. 

Combined brakes and jacks, which can be locked 
in any position, are mounted on the arms of the 
bottom bracket, and bear on a circle of segmental 
plates on the underside of the spider rim. When used 
as brakes they are operated by compressed air from 
one of two motor-driven compressors, but high pres- 
sure oil is used for jacking and is supplied by a 
portable motor-driven pump. The brakes are auto- 
matically applied below 150 r.p.m. in the event of 
faults demanding emergency shut down; alternatively, 
they can be applied by hand once the speed has fallen 
below 85 per cent. of normal. 

The top bracket comprises a hub and eight radial 
arms spanning the top of the stator, and carrying the 
main-exciter magnet frame and the top portion of the 
outer casing. Only the main exciter and combinator 
are mounted above the alternator, thereby reducing 
the overall height of the machine. 
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No. 1 generating set and control gallery 


Excitation System 

The excitation system (see Fig. 30) represents a 
departure from the more conventional main and pilot- 
exciter system, and consists of a separately driven 
auxiliary exciter set working in conjunction with the 
direct coupled main exciter, which is a self-excited 
compound-wound d.c. generator, having a specially 
designed magnetic circuit in which the variation of 
flux with speed is small. 

The auxiliary exciter set comprises an auxiliary 
exciter and amplidyne generator driven at 1,000 r.p.m. 
by a d.c. motor fed from the main exciter. The 
auxiliary exciter is connected in series with the main 
exciter armature to buck or boost its output voltage, 
thereby supplying a variable voltage supply to the 
alternator field. The excitation of the auxiliary exciter 
is provided by the amplidyne, which in turn is con- 
trolled by the electronic voltage regulator. Two field 
suppression switches for the alternator field and the 
main exciter field are housed in the field control 
cubicle. 

To ensure that the main exciter voltage builds up 
sufficiently fast when starting the machine for the 
governor pendulum motor and the set to reach syn- 
chronous speed together, an auxiliary field on the 
main exciter is connected to the 240 V station battery 
through a contactor which is closed before starting up 
and automatically opened by a current relay as soon 
as the exciter shunt-field current has reached a preset 
value. Voltage and speed relays are included to give 
an alarm in the event of the turbine accelerating more 
quickly than the main exciter can build up its voltage, 
but from tests which have been carried out this possi- 
bility appears to be remote. A motor-operated rheo- 
stat is connected in series with the main exciter shunt 
field to cater for initial adjustments and abnormal 
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iperating conditions. 

The voltage regulator receives its power supply 
from the main-exciter sliprings, and employs a 
saturated diode as part of a voltage-sensitive bridge 
circuit connected to the alternator terminals through 
a potential transformer. Any deviation in the bridge 
output is amplified and applied to the grid of a tetrode 
valve, whose anode load is the amplidyne control field. 
The polarity of connections is such that a change in 
alternator terminal volts appears as a change in the 
amplidyne control field in the correct sense to restore 
normal voltage through the medium of the auxiliary 
exciter. 

Electronic control units are duplicated, and fault- 
discriminating relays give automatic transfer to the 
standby unit in the event of an internal fault. If control 
unit No. 2 fails to restore normal voltage regulation, 
or in the event of an external fault such as failure of 
the potential transformer supplying the regulator, the 
regulator is switched automatically to hand control. 
To prevent hunting and to ensure optimum rate of 
recovery following load changes on the alternator, 
transient negative feed-back voltages derived from 
the auxiliary exciter armature, amplidyne armature 
and winding are fed into the amplifier valve grid 
circuit. Positive phase sequence and compensation 
circuits ensure satisfactory voltage regulation under 
unbalanced loading conditions and satisfactory re- 
active load sharing between alternators running in 
parailel. In the event of line faults, full ceiling volts 
are available. as the supply to the auxiliary exciter- 
set driving motor is unaffected by the line conditions. 

The control equipment is arranged essentially for 
hand control of the machines, although certain auto- 
matic features are incorporated. The gauge panel and 
unit starter board are mounted side by side, with an 
enclosed passageway between them for rear access, 
to form a single control board mounted adjacent to 
the machine on the upstream gallery which runs the 
full length of the station and level with the top of the 
alternator casings. Fluorescent lighting fittings are 
provided for panel illumination, and Fig. 28 shows 
the first control board partially installed at site. The 
gauge panel is divided into five sections labelled 
“ Transformer,” “Alternator,” “Alarms and Com- 
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Fig. 29. Rotor of No. 1 BT-H. 16,700 kVA alternator being lowered 


into position 
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munication,” “Turbine,” and “Hydraulic,” and the 
various controls and indications are mounted on the 
appropriate sections. The starter board houses the 
incoming 415 V a.c. power supplies from the station 
500 kVA, 33 kV/514 V auxiliary transformer and the 
50 kVA, 1! kV/415 V unit transformer, together with 
the 240 V d.c. supply and the starters for the various 
unit auxiliaries. The field-suppression and voltage- 
regulator cubicles are also located on the gallery. 

On starting up from the unit supply, the turbine 
and alternator-bearing d.c. driven standby pumps are 
run up from the starter board and the contactors 
controlling the other a.c. auxiliaries are closed. The 
turbine is started by pressing the “Start” button on 
the gauge panel or actuator (thereby disengaging the 
guide vane lock), and then running the load limiter 
towards the “Open” position by either the control 
switch on the gauge panel or in the control room, or 
by hand. As the machine runs up to speed and the 
voltage of the unit transformer increases, the governor 
oil pump and exciter fan motors also run up, likewise 
the motors driving the main bearing pumps, which 
automatically take over from their standbys. The 
turbine-bearing standby pump is shut down by press- 
ing the “Stop” button on its starter, but restarts 
automatically if the bearing oil level falls. On shutting 
down, the unit transformer voltage drops and the 
delivery from the main bearing oil pumps falls off. 
The standby pumps cut in automatically. thereby 
ensuring adequate lubrication while the set comes to 
rest. 

Alarm signals from the main transformer, alter- 
nator, and turbine come up on six-way alarm facias 
on the gauge panel, and certain individual and group 
signals are relayed to the control room. A tele- 
command receiver and sender switch, together with 
a telephone, are also provided to allow rapid com- 
munication between the turbine driver and the control 
room. 


Transformers 

Each generator is directly connected to a 16,670 
kVA_ 11,000/33,000 V 0-9 power-factor delta/star- 
connected outdoor oil-immersed water-cooled trans- 
former, one of which is illustrated in Fig. 31. 

The six main generator trans- 
formers are of the conventional 
core type, with vertical legs pro- 
vided with transverse oil ducts. 
The 11,000 V winding is separated 
from the 33,000 V winding by an 
insulating cylinder and liberal oil 
ducts on each side. Spacers pro- 
vide good oil circulation, and high 
insulation strength between wind- 
ings and to earth. The windings 
are formed of disc coils with inter- 
locked spacers located in such a 
way that they are free to slide 
when the coils are being tightened 
yet cannot work loose in service. 

The transformers are equipped 
with duplicate forced-oil coolers 
to provide 100 per cent. standby 
facilities, one complete cooler 
with its totally submerged motor- 
driven oil pump being located at 
each end of the transformer. Each 
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pump is capable of dealing with the full-load cooling 
requirements by forcing oil through a Serck cooler, 
which consists of a nest of small-bore tubes mounted 
in a jacket through which water is circulated to dis- 
sipate the heat from the oil. Each cooling equipment 
includes an electrically operated water valve, an oil- 
pressure valve on the outlet side of the cooler to ensure 
that the pressure of the oil is always above that of the 
water, an oil flow indicator, and a differential pressure 
gauge with alarm contacts to give warning in the event 
of the water pressure exceeding that of the oil. 

An overhead transmission line from the Owen Falls 
power station to Kampala is fed by 7,500 kVA 
33,000/66.000 V_ delta/star-connected outdoor oil- 
immersed naturally cooled transformers fitted with 
detachable radiators, each of which has a_ hand- 
operated inlet and outlet valve; oil conservator with 
magnetic-type oil gauge; explosion vent; reactor-type 
motor-operated on-load tap changer on the 33,000 V 
side to give a voltage variation of plus and minus 
10 per cent. in 16 steps of 1} per cent. each, all tap- 
pings being fully rated. A marshalling box fitted to 
the front of the transformer tank contains a winding 
temperature indicator, control switches and contactors 
for operating the tap changer, terminal board, fuses 
and heater. 


Switchgear 

Switching is carried out at 33 kV in a 14-bay out- 
door switchyard on the west bank of the river down- 
stream of the dam. The equipment comprises 12 
33 kV circuit breakers, 43 33 kV isolators, two 66kV 
rotary isolators, the remote-control switchboard and 
the relay panels, and the protective gear. 

The circuit breakers are of the double-break low- 
oil-content type, and have a rupturing capacity of 
750 MVA and a full-load current rating of 800 A. 
Each breaker consists of three separate single-phase 
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units mourited on a steel framework at one end of 
which is located a cabinet containing the operating 
mechanism. The contacts, which are of the pin type, 
are contained in side-blast arc-control pots, and can 
be inspected without breaking oiltight joints or remov- 
ing the oil from the tank. Any single-phase unit can 
be removed and replaced by a spare. The operating 
gear is of the solenoid type. 

Most of the isolators are of the double-break rotary 
type and are rated at 400 A except for the two bus- 
coupler isolators and two bus-section isolators, which 
are rated at 800 A. The two 66 kV feeders are 
equipped with air break switches of the vertical-break 
rotary type designed to break transformer magnetising 
currents and are also fitted with earthing switches. 

A section of the main control board taken at the 
makers’ works is illustrated in Fig. 32. At present the 
control board consists of 28 panels arranged in L 
formation, but when the station is completed the 
board will form a U. Instruments are mounted at the 
tops of the panels, and on the centre portions is 
formed a mimic diagram fitted with discrepancy-type 
control switches. Other control switches and lamps 
are mounted below the mimic diagram. A control 
desk has also been supplied, located at the head of the 
U formation. The relay panels are mounted in a 
separate room in the office building and in a plant 
house on the switching station site. 

The design of the protective gear is mainly in 
accordance with standard practice for hydro-electric 
generating plant, the most notable feature being the 
use of 63:5 ohm resistors for earthing the generator 
neutrals. This limits the earth fault current on the 
11 kV side to 100 A. Generator protection is as 
follows: 

(a) Overall Merz Price protection. responsive to all 
phase and earth faults in the machine. The relays 
are energised from current transformers of 1,000/1 
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Fig. 30. Circuit diagram of B T-H. amplidyne exciter system 
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ratio in the neutrals of the 
generators and in the generator 
cubicles, and the operating 
time is 15 milliseconds. 

(b) Three-pole overcurrent relay 
with inverse definite minimum 
time characteristic, energised 
from current transformers in 
the neutral windings of the 
generator. 

(c) Earth-fault protection by means 
of an instantaneous relay of 
the attracted armature type 
with a_ sensitivity of 7 A 
primary current. This relay is 
energised from a 100/11 A 
current transformer mounted 
in the connection to the earth- 
ing resistor. 

The trip relays which are used 
on each panel are equipped with 
reset coils so that this operation 
can be completed electrically from 
the control room. 

For the generator transformers 
overall protection is afforded by 
biased differential relays. These 
are responsive to phase and earth faults on either side 
of the transformer. The relays are energised by current 
transformers in the 33 kV circuit breakers and in the 
generator terminal cubicles. Back-up protection is 
provided by triple-pole inverse definite minimum time 
overcurrent relays and by a similar earth fault relay 
energised from a current transformer in the neutral 
of the 33 kV winding. Overvoltage relays are provided 
to trip the set in the event of excessive voltage surges 
due to tripping out long transmission lines if these 





Fig. 32. A section of the G.E.C. main control board 
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Fig. 31. One of the Bruce Peebles 16,670 kVA, 11/33 kV main 


transformers ready for shipping 


are greater than can be controlled by the generator 
voltage regulator. The transformers are also equipped 
with Buchholz relays and with winding and oil tem- 
perature devices, all of which have contacts for both 
alarm and trip functions. 

The Lugogo feeder is a 66 kV line to which are 
coupled two 33/66 kV step-up transformers. Over- 
current protection is provided by triple-pole relays of 
inverse definite minimum time characteristic. The 
transformers are provided with earth-fault protection 
on the 66 kV side and restricted earth-fault protection 
on the 33 kV side, as well as with Buchholz relays 
and winding-temperature alarms. 

The Njeru feeders are equipped with triple-pole 
overcurrent and earth-fault relays of inverse definite 
minimum time characteristic and with Solkor feeder 
protection, and the Nyanza textile-mill feeders are 
provided with a triple-pole overcurrent relay of inverse 
definite minimum time characteristic, and with in- 
stantaneous earth-leakage protection. An interesting 
feature of these feeders are the provision of a two-way 
surge-proof intertripping scheme. 


Cables and Transmission Lines 

The cables between the generators and their respec- 
tive main transformers comprise two single-core -60 
sq. in. cables per phase, the neutral having a cross 
section of -20 sq. in. They operate at 11 kV and are 
of the mass-impregnated non-draining type, paper 
insulated, lead sheathed and served, the serving being 
fireproof indoors and water and termite-resisting out- 
doors. These cables run from the alternator line 
cubicles through a cable tunnel that runs the length 
of the power station at the foot of the intake dam. 
Throughout this tunnel the cables are laid in galvan- 
ised sheet-steel cable trays and are held in trefoil 
formation by means of copper binders, except where 
the trays change direction, where locally made hard- 
wood cleats are used. At the switching station end of 
this run the cables are laid for a short distance direct 
and then in concrete chases up to the foot of the 
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sealing end support structures. 

There is alsc one 50 KVA unit auxiliary trans- 
former per generator which is directly connected to 
the alternator line cubicles by means of single-core 
20 sq. in. 11 kV cables. A total of 2§ miles of single- 
core 11 kV cable has been supplied for the first four 
sets to be installed. 

The control room is situated at the switching station 
end of the power station and the control-room base- 
ment runs into a cross duct which is at right angles 
to the main cable tunnel, which it meets at approxi- 
mately its mid point. The control cables run from the 
control-room basement through the cross duct, drop 
and turn into the cable tunnel and run either towards 
the generators or to the switching station. Approxi- 
mately 54 miles of multi-core paper-insulated lead- 
sheathed and steel-wire-armoured cables (250 V 
working) and just under 2} miles of rubber-insulated 
cables have been supplied for control purposes. 

Two 33 kV /440 V auxiliary transformers at the 
switching station feed back through the four-core -30 
sq. in. 660 V paper-insulated cables to general service 
and plant house switchboards with other connections 
to four-core -04 sq. in. 660 V paper-insulated cables 
to the intake gates and sluice-gate distribution boards. 

To effect the local distribution within the power 
station a total of over five miles of low-tension 660 V 
Pyrotenax mineral-insulated copper-clad cable has 
been supplied. 

The overhead transmission lines to Kampala and 
Tororo cover a total route length of approximately 
116 miles. The conductors are 0° 125 sq. in. cu. equiva- 
lent (30/7/:093 in.) S.C.A., and the earthwire being 
used throughout the majority of the route is 7/ 12 
s.w.g. galvanised steel strand but with 0-05 sq. in. cu. 
equivalent (12/7/:093 in.) S.C.A. earthwire erected 
within one mile of substations. The lines are of double- 
circuit construction, each circuit in vertical formation 








with an earthwire vertically disposed above the top 
phase conductor of each circuit. Only one circuit is 
being erected initially. 

The towers, of which there are 560, are designed 
for a normal span of 1,150 ft. and a wind span of 
1,265 ft. The maximum sag of conductor in the 
normal span is 26:3 ft. The intermediate tower is 
approximately 98 ft. high with a base dimension of 
12 ft. square and weighs approximately 3 tons. The 
conductor is supported on the intermediate tower by 
means of suspension insulator strings made up of 11 
glass insulator units with an arcing horn fitted at both 
line and crossarm end. 


Acknowledgments, Consulting Engineers 
and Contractors 

This article is published by the courtesy of Sir 
Charles Westlake, M.I.E.E., Chairman of the Uganda 
Electricity Board, to whom we are also greatly in- 
debted for the invitation to be present at the official 
opening by H.M. the Queen on April 29. 

The consulting engineers for the mechanicai and 
electrical work are Messrs. Kennedy & Donkin and 
for the civil-engineering work Sir Alexander Gibb & 
Partners. 

The main civil-engineering contractors are The 
Owen Falls Construction Company, which is a part- 
nership of the following firms: Christiani & Nielsen 
Limited; Dorman Long & Co. Ltd.; J. L. Kier & Co. 
(London) Ltd.; Edmund Nuttall, Sons & Co. (London) 
Ltd.; Hollandsche Beton Maatschappij N.V.; Naam- 
looze Vennootschap Internationale Gewapendbeton 
Bouw; N.V. Nederlandsche Aanneming Mij; N.V. 
Nederlandsche Beton Maatschappij Bato. 

Contractors for other portions of the plant are listed 
below: 

Aggregate Plant - 
Concrete-Mixing Plant 


- Pegsons Limited 
- Frederick Parker Limited 
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Fig. 33. General view of main switching station, furnished with G.E.C. equipment 
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- Redpath Brown & Co. Ltd. 
- Sir William Arrol & Co, Ltd. 


Structural Steelwork 
Power-House Crane 


Sluice Gates, Intake Gates , o 
and Associated Equipment Glenfield & Kennedy Limited 
Turbines - - Boving & Co. Ltd. 


Mirrlees (Engineering) Co. Ltd. 
- Westinghouse Brake & Signal 


Bearing Oil Pumps 
Air Compressors 


Co. Ltd. 
Alternators - British Thomson-Houston Co. 
Ltd. 
fransformers, Main - - Bruce Peebles & Co. Ltd. 
Transformers, Station Supply General Electric Co. Ltd. 
fransformers, Unit - - Ferranti Limited 


fransformers, Distribution - Bruce Peebles & Co. Ltd. 





Book Reviews 


Hydraulik, by Prof. Dr. Josef Kozeny, head of the 
Institute of Hydraulics at the Vienna Technical High 
School. Published by Springer Verlag, Vienna 1953, 
6:5 in. by 9°5 in., 588 pp., 544 ff. On sale in United 
Kingdom at Lange, Maxwell & Springer Ltd., Max- 
well House, 242, Marylebone Road, London, N.W.1. 
Price £7 10s. Od. 

There is hardly any theoretical or practical problem 
of hydraulics for which a solution is not given and 
thoroughly expounded in this work. Particular stress 
is laid on the fundamentals of flow study in all its 
aspects:—hydrostatics, fluid motion, flow in closed 
conduits and open channels, potential motion, etc. 
Separate chapters are devoted to wave motion, motion 
of underground water, flow through orifices, spillways 
and weirs, transport and models. All the classical 
equations and formulae are analysed in detail, and 
many improvements are suggested. Vectoria! calcula- 
tion is restricted to the strictly necessary, and the 
many mathematical computations appearing in the 
work hardly go beyond the scope of the normal know- 
ledge of engineers trained at high technical schools 
of university rank. On the whole, Prof. Kozeny’s work 
lacks none of the qualities required for a standard 
textbook; to the advanced student, the numerous 
practical problems worked out in detail, should prove 
most useful. 

The diagrams are excellent, and the print, paper 

and binding are up to the usual standard of the 
Springer Verlag. 
“Relaisbuch” (Relays), issued by Vereinigung 
deutscher Elektrizitaétswerke (VDEW, Association of 
German electricity Works), 4th enlarged edition, re- 
vised by Dr. Ing. Michael Walter. Published by 
Franckh’sche Verlagshandlung, W. Keller & Co., 
Stuttgart, 6 in. by 9 in., 360 pp., 190 ff. Price in Ger- 
many, cloth bound, DM. 20-00. 

This book deals exhaustively with the protective 
appliances incorporated in electric installations, gene- 
rally coming under the heading of relays, and their 
application. Chapter II, which follows a short intro- 
duction, gives clear definitions of all types of relays 
and of their components, explains briefly their mode 
of operation, and lists the failures occurring most fre- 
quently in A.C. systems. Failures and perturbations 
(short circuits, contact to earth, breakdowns in con- 
ductors, overloads, load fluctuations) are described 
and discussed in chapter III. Chapter IV constitutes 
the main part of the book, and deals in detail with 
the various types of relays, their construction, mode 
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of operation, and applications. The types of current 
and voltage transformers used in connection with 
relays are described in chapter V, and trips in chapter 
VI. The protective appliances best suited to indivi- 
dual parts of a plant are discussed in chapter VII, 
and chapter VIII is devoted to checking, testing and 
maintenance, emphasising the importance of “ relay 
card-indexes ” in which full particulars for each in- 
dividual relay are recorded. The work concludes with 
a short chapter on fault detection, and a bibliography 
is given which, however, is restricted to German 
books and articles. A final chapter gives a short sur- 
vey of the evolution of protective technique from 1940 
to 1950. 

This well-produced book should prove of great 

value to engineers as a reference work, and to students 
as an introduction to the technique of selective pro- 
tection. Written in flowing style and not overburdened 
by too great an abundance of purely theoretical con- 
siderations, it confronts the English reader who com- 
mands a fair knowledge of German with no insuper- 
able difficulties; in this respect, the many diagrams 
and their accompanying keys should be particularly 
useful. 
Canadian Water Resources. The Water Resources 
Division announces the publication of Volume 112 
of the Water Resources Papers, Surface Water 
Supply of Canada. This report contains run-off 
data for the climatic years 1950-51 and 1951-52 
for the Atlantic drainage division which comprises the 
Provinces of New Brunswick, Nova Scotia and New- 
foundland. The data presented are the results of the 
hydrometric operations which were carried out in 
these provinces during the period October 1, 1950, to 
September 30, 1952, in large part by the Water 
Resources Division, although operations were facili- 
tated by active co-operation received from provincial 
authorities and from a number of private agencies. 

A short description is included of the organisation 
and scope of operations, an explanation of the method 
of tabulation, and 71 pages of stream-flow and water- 
level data for a number of rivers, streams, and lakes 
in the above drainage division; also four pages of 
precipitation data for certain stations within the area. 
The appendix contains a reference list of hydrometric 
records for this drainage division, a list of available 
Water Resources Papers, and an index. 

Paper No. 112 is available to the general public at 
a price of $1.50 per copy, orders to be forwarded to 
the Chief, Water Resources Division, Department of 
Resources and Development, Ottawa 4, Ontario, the 
accompanying remittance to be in favour of the 
Receiver General of Canada. 
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New Experience in Mass Concrete 
Construction—— I 






This article discusses certain improvements in mass concrete 
technology which have been adopted in important hydro- 
electric structures in Austria. 


By DIPL. ING. DR. JOSEF FRITSCH 


one concrete appears to be unique in its prone- 
ness to failure in spite of all progress and en- 

deavour. American statistics show that more 
than 20 per cent. of all mass-concrete structures built 
during the last generation exhibit serious deterioration. 
The reasons for this lie primarily in our insufficient 
knowledge of concrete technology, particularly of 
mass-concrete technology, which is often considered 
a simple affair controllable by the mere application 
of rules derived from previous experience. 

What are the reasons for the continued under- 
rating of the difficulties of concrete technology? They 
are various. The raw materials used in making con- 
crete, such as sand, gravel, stone, water, and cement, 
as well as the mixing problems, may appear simple at 
first sight. In actual fact, however, the mere decision 
as to whether the aggregate that is available is suit- 
able involves a heavy responsibility. In general, in 
Central Europe some courage is demanded in asking 
a question which, though unusual, is of basic im- 
portance, viz., whether the present state of tech- 
nology justifies at all the erection of a given structure 
with the raw materials intended. 

Another reason for the failures resides in a frequent 
misconception in regard to standardisation. In Aus- 
tria, in particular, mass-concrete technology was 
hampered many years before the recent world war by 
rigid rules and working regulations, the power and 
range of which were due to their incorporation in our 
standards. The “old classic concrete theory” thus 
developed was characterised by the specification of a 
standardised sieve curve range, a fixed cement con- 
tent by volume of concrete, the workability and mode 
of compaction. On the other hand, the factors directly 
determining the strength of concrete, such as the 
degree of compaction and water-cement ratio, were 
given little attention. 

No doubt there must be standards and guides to 
sieve curves, but they must not be obstructive but 
continually be adapted to technological progress. The 
field worker will make the best use of his experience 
only by thorough, critical examination and by con- 
tinually adopting the latest technological progress. 
This does not give approval to the opinion of a 
tunnelling engineer to the effect that modern modes 
of working and equipment cannot be put to full use 
until the last old-timer has left the job! 

In this connection the attitude of Americans to- 
wards research is to be noted. Their undeniable lead 
in the field we are considering may be due primarily 
to the unprecedented effort in research, the large 
number of jobs under construction, the vast annual 
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consumption of concrete, and the size and wealth of 
the country. However, all these factors, important 
though they may appear, are not of prime significance 
in a comparison of the conditions. 

First there is the human factor; the American 
engineer does not merely regard a new construction 
job as a welcome opportunity to apply his previous 
experience, but expects it to embody new progress, 
his former experience serving only as a basis and 
guide for the further development of concrete tech- 
nology. This is a viewpoint that deserves every 
praise. 

An attempt will now be made to set forth the 
features whereby modern technology is distinguish- 
able from “classic concrete theory.” The present 
development is due only in part to the application and 
evaluation of long-known relations and theories and, 
indeed, is based on results that appear to contradict 
previous conceptions. For instance, the proportion of 
cement is a very important and critical factor. Pre- 
viously the cement content by volume of compacted 
concrete was rigidly specified. This led to the belief 
that the quality of concrete increases in direct rela- 
tion to the cement content. Such a belief may lead to 
serious errors. The same is true for the overrating of 
the compression strength of a concrete body in the 
evaluation of a concrete mixture. 


Control of Superfine Grains in Concrete Mixtures 

The most important improvement that has taken 
place lies in the handling of those grain fractions 
which were not formerly controllable under job con- 
ditions owing to their small size. In German standards 
the sieve curves began at 0:2 mm. Until very recently 
construction equipment engineers were unable to con- 
trol the gradation of sand below 2-3 mm. The conven- 
tional sand-washing machines washed part of the 
undesirable fines away with the water but also pari 
of the precious small grains, their action being insuffi- 
ciently sensitive to control the grain size or quality 
to exact limits. Large-scale screening, however, is pos- 
sible only with critical grain sizes above 2-3 mm. 
Therefore, although it was possible to ascertain the 
sieve value at 0-2 mm., there were no practical means 
for obtaining the values specified in the standard. 

In theory, the essential effect of superfine sand 
on the properties of fresh concrete mixtures was 
known long ago. Since each grain must be enclosed 
by cement paste, the gradation of the finest sand is 
of primary significance for the amount of cement 
paste required. In each case there is an optimum 
sand gradation which requires the least amount of 
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cement paste. 

The important measure for improving the finest 
sand is seen in the removal of dust, especially from 
moraine material. This refers to the removal of the 
finest sizes and their partial substitution by artifi- 
cial air pores. Secondly the sand below 3 mm. must 
be classified into at least two separately proportioned 
groups. 

The first tests for dust removal from moraine 
material were carried out by the author with a re- 
bound plate shown diagrammatically in Fig. 1. This 
involved at the same time a sorting of the finest 
grains according to their properties as concrete aggre- 
gate; even the superfine spherica! quartz grains, which 
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Fig. 1. Method of 
! separation by 
rebound plate 




















are removed by the usual hydraulic classifiers, are 
retained by this process whereas all particles of un- 
favourable shape, such as micaceous, rodlike, earth 
and dust particles are eliminated. The practical value 
of such separation has been proved by tests with con- 
crete. The next stage was to develop or find equip- 
ment for large-scale processing on the job. Like 
the Americans we have adopted a process tried in 
the mining industry. In our jobs at the upper stage 
of Kaprun (Austria) and also for the Danube power 
plant at Jochenstein, horizonta! and vertical hydraulic 
classifiers, in accordance with the designs of Dr. Eder, 
have been installed. As shown diagrammatically in 
Fig. 2, the coarser sizes subside in the pear-shaped 
vessel of the vertical hydraulic classifier against an 
upcurrent of water. These two opposing motions in- 
volve a much more accurate separation of the grains. 
The precision of separation achieved exceeds that of 
POWER 1954 
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“ Fahrenwald” plants (a Dorr product) usual on 
big construction jobs in the U.S.A.'. 

With natural sand of nearly correct gradation only 
part of the sand may have to be passed through the 
separator, the rest being added in its natural state. 
This practice requires a continual laboratory check 
on the gradation of the sand thus mixed. Samples 
must be taken from a belt conveyor and not from 
a dump. 

On the two construction jobs just mentioned above, 
large amounts of concrete have already been mixed 
using the Eder hydraulic classifier plant, with the 
following experience: The functioning of these plants 
and the results obtained are based on the fact that 
control of the separate grain classes in accordance 
with a desired sieve curve, previously usual only with 
larger sizes, can now be extended to the very smallest 
sizes. It is known that the material freed from dust 
and classified to cement fineness gives the highest 
quality of concrete achievable under given condi- 
tions, particularly with the cement paste chosen. The 
advantages compared with previous processes are 
substantial and relate especially to the following 
aspects: — 

(1) The control of the gradation of the particle 
mixture can be carried one step farther; an addi- 
tional improvement to the sieve curve can be inves- 
tigated and adhered to. It is now known that in 
equivalent conditions’, the concrete mixture which is 
most valuable economically and technologically is 
that giving an ideal workability with the least amount 
of the cement paste. Any addition of cement paste or 
water beyond that optimum would be detrimental in 
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every respect; water reduces not only the strength of 
concrete, but also its resistance to freezing, and at 
the same time increases shrinkage. 

(2) The gradation of concrete thus achieved also 
enables the practically perfect compaction of fresh 
concrete on the job in a minimum of time, a de- 
sideration always to be sought. 

(3) This enables concrete mixtures to be deter- 
mined not only by the cement content in relation to 
the volume of the aggregate alone, but also in rela- 
tion to the water-cement ratio. Thus Abrams’ law, 
known for a long time but rarely applied, showing 
the strength of concrete to be dependent on the 
water-cement ratio, can be used in practice. This 
was impossible so long as the characteristic values 
primarily determining the strength of concrete, viz., 
the water-cement ratio and the void ratio of the 
compacted concrete, could not be defined numerically. 

(4) This virtually perfect uniformity in the quality 
of concrete, which could not be achieved with pre- 
vious equipment is now attained by the co-operation 
of three factors: classification of the finest sand, John- 
son tower, and vibratory treatment. Previously the 
uniformity was primarily limited by the inevitable 
fluctuations which took place in the gradation of the 
fine sand. The usual specification of a cement con- 
tent by volume and workability sometimes required 
appreciable additions of water to compensate for the 
slightest changes in the composition of the superfine 
size fractions in order to retain the workability re- 
quired. The resulting changes in the quality of con- 
crete generally passed unobserved, especially because 
all the values specified. particularly the cement content 
by volume of concrete and the consistency. had been 
adhered to. Previously an attempt was made to allow 
for these fluctuations by a higher cement content by 
volume of concrete, as a safety factor’. However, this 
did not improve the composition of the concrete be- 
cause the higher cement content necessarily involved 
additional water in the mix. 

(5) The complete removal of the very finest material 
(dust) is of special technological importance. In 
material found in high mountain regions, particularly 
in moraines, which is often of inferior quality, those 
parts of the rock which are poor from the mineralogi- 
cal standpoint—the softer, brittle, or weathered 
grains—are ground to very small particles, which 
are often detrimental to the concrete because they 
substantially reduce its resistanze to freezing. 

Dust removal is also advantageous because it 
enables the technique of the so-called artificial air 
entrapment to be applied, the air pores being given 
space to develop so that they can be proportioned and 
incorporated in the composition of the finest grains 
in a new and more accurate manner. In spite of the 
fact that air pores are produced by a relatively 
simple process and that the number of research re- 
ports and publications on this problem is increasing 
without limit, there is still a lack of simple and satis- 
factory working instructions for any specific con- 
structional job. Air pores—besides their main pur- 
pose of increasing the resistance of the concrete to 
freezing—are an important factor in improving the 
workability, and thus enabling an appreciable re- 
duction to be made in the proportion of cement used. 
However, the finest particles may seriously affect the 
formation of air pores in a fresh concrete mix and 
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even prevent their formation in mixtures which are 
very dry and contain large amounts of dust. Further, 
it has been shown that a certain proportion of the 
air pores will escape during the compaction of the 
concrete, depending on the effect of the vibrator and 
the stiffness of the concrete. The value of air pores 
must not be judged only from the content achievable 
in any given case. The desirability of effecting a re- 
duction in the amount of cement paste used may be 
considered no less important and does not only de- 
pend on the quantity of air pores produced, but also 
on the type of very fine sand and on the quality of the 
air entraining agent. These variations are due to the 
continual, mostly unnoticed, fluctuations in the 
gradation of the fine sand, which constantly impair 
the efficiency of air-entraining agents to a degree 
which is not known in most cases. Our experience 
shows that the complete removal of the dust permits 
air-entraining agents to be used with an efficiency 
hitherto unachievable. 

To ascertain the value of an air-entraining agent, 
therefore, it is necessary in each case to establish by 
practical test the quantity of air pores produced, as 
well as the possible reduction in the amount of cement 
paste required. 


Testing 

These improvements require new testing tech- 
niques. Firstly the sieve curves must be extended to 
the smallest sizes. This requires a considerably higher 
precision of work than is customary. The degree of 
composition must also be observed and the cement 
content determined mainly by the water-content ratio. 
The methods and equipment described* hereinafter 
have proved highly satisfactory for a number of years 
in our testing laboratories and on various construc- 
tion jobs’. They provide a simple, quick procedure 


* Patented in) Austria, Switzerland and Germany 
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Fig. 3. Large testing unit for vibration treatment 
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Fig. 4. Small testing unit for vibration treatment 
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for determining the gradation of grains and for in- 
dicating clearly the influence of the finest grains and 
of air-entraining agents. 

The method of testing is based on Abrams’ law, 
according to which the strength of a concrete body 
depends exclusively on the water-cement ratio, under 
conditions that are equal in other respects, particu- 
larly as regards the degree of compaction. We con- 
sider the most valuable mixture to be that which 
gives an ideal response to vibration with the least 
amount of water-cement paste. 

To find the composition of a concrete suitable for 
a new construction, preliminary tests are conducted 
to ascertain the particular water-cement ratio which 
gives the required strength under the given condi- 
tions, with a practically perfect compaction of the 
concrete. This factor is retained in all subsequent 
tests, in which only that amount of paste is deter- 
mined which is required in the various gradations 
tested for an ideal response to vibration. 











40 35 30 25 20 15 10 5 0 
Sec. 


Fig. 5. Testing unit for vibration treatment 
Problem: Find cement paste requirement of a given gradation. 
Values given: Water cement ratio=0-55. 

Result: Cement required = 268 kg. per cu. metre. 
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(1) Middling sizes a—c contain supposed amounts of foreign sand. 
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a 600 l 258 251 
b 400 247 230 
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(2) Amount of water-cement paste reauired for middling sizes 
a—c as determined by tests on concrete with vibratory apparatus. 
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kg. SAND per CU.M. CONCRETE 
(3) Without air pores: optimum sand addition 425 kg. per cu. 
metre; required amount of cement in mixture 246 kg. per cu. 
metre. 
With air pores: optimum sand addition 340 kg. per cu. metre; 
required cement in mixture 224 kg. per cu. metre. 
Fig. 6. Cement requirements for different contents of 
fine sands 


We must avoid, however, the usual mistake of 
simply immersing an internal vibrator into the con- 
crete to be tested. The large excess of vibrational 
energy for such a relatively small amount of concrete 
would cause virtually perfect compaction in any case, 
even in mixtures with a poor response to vibration. 
Thus any yardstick for judging the compactibility is 
lost and it is impossible to ascertain the void ratio 
and paste requirement, i.e., those values which define 
the mixture. Thorough tests* have shown that the 
vibrator has a different effect in its own immediate 
neighbourhood than it has on the outer zone of its 
range. These considerations have led to the design 
of a new testing apparatus, shown diagrammatically 
in Fig. 3. 

Here the internal vibrator acts on an amount of 
concrete of the order of the range of that of a vibra- 
tor under job conditions. The distance of the vibrator 
from the cubical compression moulds incorporated 
at the bottom of the container, and the maximum 
particle sizes in the mixture tested, also correspond 
to average job conditions. Owing to the large quantity 
of concrete required for every test, this apparatus is 
suitable mainly for use on the job. For laboratory 
work a smaller model has been constructed, in which 
the concrete sample is compacted in a cubical mould 
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on a vibratory deck (Fig. 4). To eliminate secondary 
vibrations, the vibrator is fixed to a pendulum below 
the deck. The intensity of vibration and the spring 
of the deck are so adjusted as to give this small 
vibratory deck the same settling curves as the larger 
type for the same or corresponding concrete mixtures. 

For testing, the apparatus is loosely filled with con- 
crete and the heavy concrete cover then loosely 
applied. As the vibrator is started, the cover will 
subside and impart its movement to a recorder, the 
contruction of which is analogous to a water-level 
indicator. This gives a settling curve which repre- 
sents very accurately the response of the concrete 
mixture to vibration and the degree of compaction of 
the sampie at every instant. 

The use of these devices will be explained briefly 
by a few examples. As repeatedly stated, the vibra- 
tion-testing apparatus indicates the suitability of a 
mixture of grains by the water-cement paste require- 
ment for an ideal response to vibration and for a 
practically perfect compaction of fresh concrete. In 
the simplest case, when the mixture of grains to be 
tested and the water-cement ratio are given, in- 
dividual tests are required to show the water-cement 
paste requirement for ideal compactibility. Any 
guessing as to the cement paste requirement by trying 
several arbitrarily selected proportions is neither 
necessary nor advisable. The following systematic 
testing procedure is simple and accurate. For the 
first test the mixture has added to it a slightly in- 
sufficient amount of water-cement paste. This will 
lead to an extremely flat curve on the recorder. The 
test is repeated with a relatively large amount of 
paste, giving a high slump and a steep curve. A third 
iest is carried out with any intermediate value. The 
three resulting settling curves are superimposed. 
Experience has shown that a mixture of fresh con- 
crete with ideal response to vibration would give a 


Gold Coast Activity 

Railway tracks covering a total distance of 36 
miles were opened recently in the Gold Coast to give, 
inter alia, access to the Shai Hills, from which material 
will be derived to construct some two and a half miles 
of harbour breakwater at Tema. According to Dr. 
Nkrumah, this harbour is destined to become one of 
the largest artificial harbours in Africa and will 
form a vital link in the Volta River hydro-electric 
project, should this prove to be economically sound 
and technically feasible. Should it be decided to pro- 
ceed with this scheme, Dr. Nkrumah added, the rail- 
way line would be extended to the Volta River to 
form a necessary link with the coast. 


Loch Shin Contracts 

The North of Scotland Hydro-Electric Board have 
placed the first of the main contracts for their Loch 
Shin hydro-electric scheme (Constructional Scheme 
No. 32). George Wimpey & Co., Ltd. have been 
awarded the contracts to build the Shin generating 
station and tunnel and Lairg dam. The tunnel will 
be five miles in length, and Lairg dam will be 38 ft. 
high and 1,370 ft. long. 

R. J. McLeod (Contractors) Ltd., Glasgow, have 
been given the contract to construct the Cassley 
generating station on the south shore of Loch Shin 
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certain settling curve which is entered as a dash line 
between the curves recorded. When the three settling 
curves obtained by these tests are defined by the 
respective amounts of paste used, the ideal cement 
requirement is easily found by graphical interpola- 
tion. That mixture need not to be prepared for the 
test, but the three tests define the mixture in terms of 
grain size and water-cement paste requirement for 
best workability. 

Fig. 6 shows an example of an analysis obtained 
for the construction of a dam in lower Austria (7). 
The crushed material available was not of first 
quality, particularly in the fine fractions. Therefore, 
all material below 3 mm. was eliminated and sub- 
stituted by high-grade natural sand from another 
locality. To find the amount of fine sand that would 
give the best results, preliminary tests were made 
successively with additions of 200, 400 and 600 kg. 
of sand per cubic metre of concrete (Fig. 6/1). The 
amount of paste required for each grain mixture (a-c) 
thus obtained was determined as already described 
(results in Fig. 6/2), first without any air-entraining 
agent. The relation between the sand addition and 
the paste requirement was then plotted (Fig. 6/3). 
This shows that the minimum cement-paste require- 
ment is 246 kg. for an addition of about 425 kg. 
of sand. 

The same process was then repeated with an air- 
entraining agent; as might be expected, the optimum 
value was now obtained with a smaller addition of 
sand (340 kg. per cu. m.) and involved a much lower 
cement requirement (224 kg. per cu. m.). The graph 
also shows the economic advantages of artificial air 
pores which, in the present case, permit the sand to 
be reduced from 425 to 340 kg. per cu. m., with a 
corresponding reduction of the cement content from 
246 to 224 kg. per cu. m. 

(To be continued) 


near Creanich, aqueducts which will collect water 
from the headwaters of the river Cassley, and a 24 
miles long tunnel which will lead it to the power 
station. 

The value of 
£5,000,000. 

The Shin scheme, designed to harness the water- 
power resources of an area extending to some 250 sq. 
miles, includes the waters of Loch Shin and its tri- 
butaries, the river Cassley, and the headwaters of the 
rivers Vegastie and Brora and other streams in the 
county of Sutherland. Annual production of elec- 
tricity from the scheme will be in the region of 
154,000,000 kWh. 

The civil-engineering consultants are Sir Murdoch 
MacDonald & Partners. 


the contracts is approximately 


Dr.-Ing. Canaan 

We record with deep regret the great loss suffered 
by Messrs. J. M. Voith G.m.b.H., Heidenheim, Ger- 
many, through the death, on April 12, 1954, of their 
director Dr.-Ing. Canaan, for many years head 
of their Water Turbine Department. Owing to Dr. 
Canaan’s outstanding contributions to the design and 
application of Kaplan turbines, his name was a house- 
hold word in the world of hydro-electric engineering. 
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Fig. 1. The Malgovert penstocks at the approach to the power station 


The Malgovert Penstocks 


Georges Ferrand describes the design, erection and testing of the 

penstocks for the Malgovert station on the Isere. This station has 

a capacity of 320 MVA and operates under a head of 7506 m. The 

penstocks are claimed to hold a world record for high-power 
high-head penstocks 


5 powerful Malgovert hydro-electric station, 
which is fed from the Tignes barrage on the 

Isére, like the Bréviéres station higher up the 
river, receives its water through two notable pen- 
stocks. The Malgovert penstocks, in fact, hold the 
world record for high-power high-head penstocks. 
thanks to a well-known French technique perfected 
by a large concern of world-wide reputation*. This 
technique, which has 25 years’ experience behind it, 
is based on the principles of self-hooping and over- 
pressuring. 

Numerous high-power high-head installations have 
been effected, principally in France, and the use of 
this technique has contributed substantially to the 
national economy. 

The Malgovert installation is striking from this 
standpoint, for the two penstocks weigh 4,250 metric 
* The Malgovert penstocks were designed. constructed and installed by 
the Bouchayer and Viallet Company and by the Société Dauphinoise 


d'Etudes et de Montages de Grenoble. Monsieur G. Ferrand is President 
Directeur General of the S.D.E.M 
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tons and cost 900 million francs on January 1948 
figures. If they had been constructed according to 
the technique available to French industry in 1930 
a larger number of penstocks would have been neces- 
sary and the cost considerably increased; the weight 
would have been 24.000 metric tons and the cost, 
on the same basis, 3.200 million francs. 


The Malgovert Development 

The Malgovert development is 3 km. upstream of 
Bourg-Saint-Maurice (Savoy), and the waters utilised 
are derived from the Tignes dam 20 km. farther up- 
stream. This dam impounds the waters of the Isére 
and provides a useful storage capacity of 235 million 
cu. m. At the foot of the dam is the Bréviéres station 
fed by a pressure tunnel 3-75 m. in diameter followed 
by a penstock 3-2 m. in diameter. Immediately down- 
stream of this station a dam retaining 180,000 cu. m. 
feeds the Malgovert intake. 

Of the 981 m. head between the normal storage 
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level at Tignes (1,790 m.) and the 
axis of the distributor at the Mal- 
govert station (809 m.), 231 m. are 
utilised at Brévieres and 750 m. 
at Malgovert. 

The waters retained by the 
Brévieres dam are led to a surge 
chamber by a tunnel 14,700 m. 
long and 4:55 m. in diameter 
designed for a discharge of 45 cu. 
m. per sec. as far as the Pissvieille 
side intake and 48 cu. m. per sec. 
thereafter. The surge chamber is 
of the diaphragm type, 18 m. in 
diameter and 45 m. high. 

At the foot of this surge 
chamber a pressure shaft 3:2 m. 
in diameter and 280 m. long leads 
to a valve chamber where a bifur- 
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cation divides the flow between 809 
. = 
two penstocks. In this chamber 
are the butterfly valves and their safety gear. The two 
penstocks extend over the wooded slopes of the Mal- 
govert forest to a distributor where breeches pieces 
divide the water amongst the eight turbines of the 
station. 

The station houses four generating sets, each con- 
sisting of an 80,000 kVA alternator driven by two 
50.750 h.p. Pelton wheels. The capacity of the station 
is 406,000 h.p., or 203,000 h.p. per penstock. 


Distributor 

The breeches pieces of the distributor are of the 
high-hydraulic-efficiency type devised by G. Ferrand. 
They consist of a cast-steel sphere, acting as the stress- 
resisting member, within which is a lining under 
balanced pressure which guides the flow. Two 
breeches pieces (inlet diameter 2-1 m., outlet diameter 
1-4 m.) divide the flow from each penstock to two 
1-4 m. diameter pipes. The spheres are 3:2 m. in 
diameter, and these breeches pieces are connected to 
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the adjacent pipes by fitted bolts and nuts weighing 
40 kg. each. The weight of a complete breeches piece 
is 40,000 kg. Each 1-4 m. pipe is then divided into 
two | m. pipes by a breeches piece of the same type 
as that already described. 

The pipes of the distributor are of the Ferrand 
self-hooped type with rigid hoops. The distributor is 
anchored by two blocks each containing 1.900 cu. m. 
of masonry. 
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Fig. 3. Profile and enlarged plan of the Malgovert penstocks 


264 


WATER POWER July 1954 





aE an 


— 








» . — ~~ 


v=) Ba 





General view of Malgovert penstocks and 
power station 


Fig. 4. 


The penstocks are designed for a maximum dis- 
charge of 50 cu. m. per sec. Each is 1.550 m. long. 
and their diameter is 2-1 m. in the lower section and 
2-2 m. in the upper. At each bend is placed an anchor 
block to secure the structure, there being 17 anchor 
blocks requiring 11.760 cu. m. of masonry. The con- 
duits suffer no change in horizontal direction except 
for a bend of 858-60 m. in the upstream portion and 
one at 830-30 m. in the downstream portion where 
the conduits turn to enter the power station perpen- 
dicularly to the axis of the generating sets. The 








Fig. 6. Breeches pieces upstream of the valve chamber; view taken in 
the works to show the interior vanes 


WATER POWER July 1954 





Main breeches piece in the manufacturers’ 
works 


Fig. 5. 


anchor block at the 858-60 level alone required 2.460 
cu. m. of masonry. 


Penstocks 

The penstocks have been installed without expan- 
sion joints. according to the so-called “ French” 
method. They were secured between anchor blocks 
at such temperatures that. when empty. the tensions 
and compressions they will have to withstand due to 
variations of temperature between the maximum and 
minimum recorded values will not introduce any 
abnormal longitudinal constraint. 

The conduits are of the Ferrand 
self-hooped type throughout their 
length, but whereas the lower 
section has rigid hoops the centre 
and upper sections have flexible 
hoops consisting of individual 
jointless rings of wire cable. The 
plate used is a semi-hard weldable 
chrome-copper steel of superior 
quality. The rigid hoops were 
made of a special heat-treated 
chrome-nickel steel giving mini- 
mum values of E=95 kg. per sq. 
mm. and R=115 kg. per sq. mm. 
the flexible 


The wire forming 
rings gives minimum values of 
E=150 kg. per sq. mm. and 


R=200 kg. per sq. mm., the rings 
consisting of seven strands of 3 
mm. wire. 

The conduits are constructed 
according to the Loading Speci- 
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fication of the Société Hydro-Technique de France, 
and are in sections 6:to 10 m. long, the weights 
of these sections ranging from 16,300 kg. for the 
lower portion of the penstock to 5,800 kg. for the 
upper. They are made by bending and welding rec- 
tangular plates. Electric welding is the only method 
of assembly used in the works and on site except for 
certain special junctions which are bolted. All longi- 
tudinal welds are annealed, but transverse welds are 
not annealed. 

The breeches piece upstream of the valve chamber 
is of a special type with interior vanes, and weighs 
13,500 kg. The pipes of the pressure tunnel are 9 m. 
long and 3-2 m. in diameter. Threaded holes are cut 
in these pipes to permit grouting after the pipes are 
concreted in place. 

The two penstocks comprise 400 pipe sections, all 
of which, before delivery, were subjected under 
hydraulic test to a pressure at least double the nor- 
mal working pressure. This precaution extended to 
the breeches pieces. The self-hooped pipes, during 
the hooping process, were subjected to an even higher 
pressure. This is dealt with more fully below. 

The total weight of the two penstocks with their 
distributors and accessories reaches 4.250.000 kg. 


Tests in the Works 

During construction mechanical tests on the weld- 
ing were carried out on test pieces attached to the 
ends of the pipe sections and welded at the same 
time. All longitudinal and transverse welds were sub- 
jected to meticulous X-ray examination. 

The most important test, however, is that made 
on all components of the penstocks and distributors 
immediately before applying the protective coating. 
This consists of a hydraulic test to at least double 
the maximum working pressure that each com- 
ponent is called upon to withstand, after which the 
component possesses an actual factor of safety of at 
least 2. Self-hooping and over-pressuring. it may. be 
recalled, are carried out not on the basis of a theoreti- 
cal elastic limit but in accordance with the actual 
elastic limit obtaining during the process. Seeing that 
the actual elastic limit is usually higher than the 
theoretical. the actual hydraulic test is always more 
severe than the theoretical test pressure. which itself 
is equal to double the working pressure. 


Water-Hammer Studies 

In the design of the penstocks allowance has been 
made for a maximum normal surge pressure of 15 
per cent., so that a head of 112-2 m. may be dis- 
tributed according to a straight-line law throughout 
the length of of the conduit. Under the maximum 
normal working pressure (static pressure plus nor- 
mal maximum surge pressure) the pipe dimensions 
have been determined to obtain a factor of safety. 
with respect to the elastic limit of the steels em- 
ployed, of 2°5. On the other hand. an accidental 
occurrence involving instantaneous closure might 
give rise to a water-hammer corresponding to a head 
of 112-2 m. propagated uniformly throughout the 
length of the penstock. Under this accidental pressure 
(static pressure plus 112-2 m.) it has been determined 
that the most heavily loaded pipes (those in the upper 
part) would always be subjected to a pressure less 
than the works test pressure, which is equal to twice 
the maximum normal working pressure. 
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Fig. 7. Rigid-hooped penstocks at the point where 
they traverse anchor block M4 


The behaviour of the generating sets was then pre- 
cisely determined, and thence exact calculations were 
made by Bergeron’s graphical method of the surge 
pressures in a number of specified conditions. The 
operating characteristics of the site were 37 sec. for 
closure and 14 sec. for opening. The nozzle discharge 
did not follow a straight-line law, and it was deduced 
that the maximum surges arose when shutting off a 
flow of 8-3 cu. m. per sec. for the two penstocks 
(maximum flow 50 cu. m. per sec.) or 4:15 cu. m. 
per sec. for each penstock (maximum flow 25 cu. m. 
per sec.). For opening, the maximum positive and 
negative surges occurred when increasing the flow 
from zero to 19-5 cu. m. per sec. (9°75 cu. m. per 
sec. per penstock). 

For the case of accidental closure the case was 
taken of the instantaneous cut-off of a flow of 6-25 
cu. m. per sec. with both penstocks operating at full 
flow (25 cu. m. per sec. in each) and the same cut-off 
with one penstock on full flow and the other com- 
pletely shut down. This latter corresponds to maxi- 
mum surge pressure. 

The results of the calculations are as follows : 

(a) Normal Closure. Maximum surge 108 m. at the 
distributor as compared with 112-2 m. The 
actual maximum-pressure curve is everywhere 
slightly below the calculated curve. 

(b) Normal Opening. Maximum depression at the 
distributor 215 m. Pressures at all points in the 
conduits remain positive. Maximum positive 
surge at the distributor 118 m. as against 112-2 
m. The maximum-pressure curve is everywhere 
slightly above the calculated curve. 
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(c) Accidental Closure. Maximum surge at the dis- 
tributor 175 m. Maximum surge at the top of 
the penstock 110 m. At all points the maximum- 
pressure curve is below the curve of works test 
pressures. 


Erection of the Penstocks 

Erection operations were commenced by the instal- 
lation of two 1 m. gauge cable tramways arranged 
in sequence along the profile and mounted parallel 
to the path of the conduits. The upper tramway was 
about 760 m. long. and the car, which can carry a 
maximum payload ranging from 11 to 14 tons, was 
hauled by a cabie wound round the drum of an elec- 
tric winch. The lower tramway was similar but was 
about 740 m. long and the car carried a payload 
ranging from 14 to 19 tons. 

At the junction between the two tramways a siding 
with fixed and movable stops and a means of trans- 
ferring the winding ropes were provided to enable a 
load to be picked up on the upper tramway without 
trans-shipment. 
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Fig. 8. Bifurcation of conduit A 





Fig. 9. System of bifurcation of conduit A at entry to power station 
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Near the upper portion of the surge chamber a 
stockyard was provided for the 3:2 m. diameter pipes 
for the pressure shaft, these pipes being lowered 
down the surge chamber by special tackle. 

The main stockyard for the penstock pipes was 
located at the bottom of the lower tramway, and as 
it was near the power station, the pipes could be 
transferred from lorry to platform by rolling them 
over baulks and thence to the car of the cable tram- 
way without further means of handling. 

The access road to the surge chamber adjoins the 
penstock track at two points, and at one of these 
a small platform was cut to form a reserve stockyard 
at an intermediate point in the track. 

The pipes of the pressure tunnel were placed in 
position during the summer of 1950, and erection 
was carried out according to the accepted procedure 
from downstream (valve chamber) to upstream (surge 
chamber). The pipes were lowered down the surge 
chamber, taken to the erection point by lorry, offered 
up. adjusted, aligned, wedged by baulks, and con- 
crete pipe by pipe as soon as the welding was suffi- 
ciently advanced. Grouting be- 
tween pipes and concrete was 
carried out in a single operation 
after the steel lining was com- 
pletely mounted and concreted. 

The erection of the penstocks 
proper commenced with the right- 
hand conduit (conduit B), and 
was Carried out in several stages. 
A first section was commenced in 
May 1951 at an intermediate point 
in the profile (M10), the pipes 
being erected from downstream to 
upstream as far as point MIS. 
While this was in progress a 
second section was commenced in 
July 1951 from point M15 to the 
valve chamber. 

During July and August a third 
gang erected the breeches piece at 
the downstream end of the pres- 
sure tunnel and the connection 
with the butterfly valves in the 
valve chamber. In passing, it may 
be mentioned that this breeches 
piece was the most cumbersome 
item to be handled, and its trans- 
port from Grenoble presented 
some difficult problems. 

Ail the work of erecting the 
upper section (above a level of 
1,200 m.) was completed during 
the summer, the erection of the 
distributor and the lower part of 
the penstock being left for the 
winter and early spring. 

Erection of the upper portion 
of the penstock having been com- 
pleted, erection was commenced 
in October of a section upstream 
of the breeches piece above the 
distributor at M2, and the pipes 
were placed in position as far as 
MS. Simultaneously a second gang 
erected the same section of the 
left-hand penstock (conduit A) as 
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fication of the Société Hydro-Technique de France, 
and are in sections 6 to 10 m. long, the weights 
of these sections ranging from 16,300 kg. for the 
lower portion of the penstock to 5,800 kg. for the 
upper. They are made by bending and welding rec- 
tangular plates. Electric welding is the only method 
of assembly used in the works and on site except for 
certain special junctions which are bolted. All longi- 
tudinal welds are annealed, but transverse welds are 
not annealed. 

The breeches piece upstream of the valve chamber 
is of a special type with interior vanes, and weighs 
13,500 kg. The pipes of the pressure tunnel are 9 m. 
long and 3-2 m. in diameter. Threaded holes are cut 
in these pipes to permit grouting after the pipes are 
concreted in place. 

The two penstocks comprise 400 pipe sections, all 
of which, before delivery. were subjected under 
hydraulic test to a pressure at least double the nor- 
mal working pressure. This precaution extended to 
the breeches pieces. The self-hooped pipes, during 
the hooping process, were subjected to an even higher 
pressure. This is dealt with more fully below. 

The total weight of the two penstocks with their 
distributors and accessories reaches 4,250,000 kg. 


Tests in the Works 

During construction mechanical tests on the weld- 
ing were carried out on test pieces attached to the 
ends of the pipe sections and welded at the same 
time. All longitudinal and transverse welds were sub- 
jected to meticulous X-ray examination. 

The most important test, however, is that made 
on all components of the penstocks and distributors 
immediately before applying the protective coating. 
This consists of a hydraulic test to at least double 
the maximum working pressure that each com- 
ponent is called upon to withstand, after which the 
component possesses an actual factor of safety of at 
least 2. Self-hooping and over-pressuring. it may. be 
recalled, are carried out not on the basis of a theoreti- 
cal elastic limit but in accordance with the actual 
elastic limit obtaining during the process. Seeing that 
the actual elastic limit is usually higher than the 
theoretical, the actual hydraulic test is always more 
severe than the theoretical test pressure. which itself 
is equal to double the working pressure. 


Water-Hammer Studies 

In the design of the penstocks allowance has been 
made for a maximum normal surge pressure of 15 
per cent., so that a head of 112-2 m. may be dis- 
tributed according to a straight-line law throughout 
the length of of the conduit. Under the maximum 
normal working pressure (static pressure plus nor- 
mal maximum surge pressure) the pipe dimensions 
have been determined to obtain a factor of safety. 
with respect to the elastic limit of the steels em- 
ployed, of 2:5. On the other hand, an accidental 
occurrence involving instantaneous closure might 
give rise to a water-hammer corresponding to a head 
of 112-2 m. propagated uniformly throughout the 
length of the penstock. Under this accidental pressure 
(static pressure plus 112-2 m.) it has been determined 
that the most heavily loaded pipes (those in the upper 
part) would always be subjected to a pressure less 
than the works test pressure, which is equal to twice 
the maximum normal working pressure. 
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Fig. 7. Rigid-hooped penstocks at the point where 
they traverse anchor block M4 


The behaviour of the generating sets was then pre- 
cisely determined, and thence exact calculations were 
made by Bergeron’s graphical method of the surge 
pressures in a number of specified conditions. The 
operating characteristics of the site were 37 sec. for 
closure and 14 sec. for opening. The nozzle discharge 
did not follow a straight-line law, and it was deduced 
that the maximum surges arose when shutting off a 
flow of 8-3 cu. m. per sec. for the two penstocks 
(maximum flow 50 cu. m. per sec.) or 415 cu. m. 
per sec. for each penstock (maximum flow 25 cu. m. 
per sec.). For opening, the maximum positive and 
negative surges occurred when increasing the flow 
from zero to 19-5 cu. m. per sec. (9°75 cu. m. per 
sec. per penstock). 

For the case of accidental closure the case was 
taken of the instantaneous cut-off of a flow of 6:25 
cu. m. per sec. with both penstocks operating at full 
flow (25 cu. m. per sec. in each) and the same cut-off 
with one penstock on full flow and the other com- 
pletely shut down. This latter corresponds to maxi- 
mum surge pressure. 

The results of the calculations are as follows: 

(a’) Normal Closure. Maximum surge 108 m. at the 
distributor as compared with 112-2 m. The 
actual maximum-pressure curve is everywhere 
slightly below the calculated curve. 

(b) Normal Opening. Maximum depression at the 
distributor 215 m. Pressures at all points in the 
conduits remain positive. Maximum positive 
surge at the distributor 118 m. as against 112-2 
m. The maximum-pressure curve is everywhere 
slightly above the calculated curve. 
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(c) Accidental Closure. Maximum surge at the dis- 
tributor 175 m. Maximum surge at the top of 
the penstock 110 m. At all points the maximum- 
pressure curve is below the curve of works test 
pressures. 


Erection of the Penstocks 

Erection operations were commenced by the instal- 
lation of two 1 m. gauge cable tramways arranged 
in sequence along the profile and mounted parallel 
to the path of the conduits. The upper tramway was 
about 760 m. long. and the car, which can carry a 
maximum payload ranging from 11 to 14 tons, was 
hauled by a cable wound round the drum of an elec- 
tric winch. The lower tramway was similar but was 
about 740 m. long and the car carried a payload 
ranging from 14 to 19 tons. 

At the junction between the two tramways a siding 
with fixed and movable stops and a means of trans- 
ferring the winding ropes were provided to enable a 
load to be picked up on the upper tramway without 
trans-shipment. 





qq awe os OO . 
Fig. 8. Bifurcation of conduit A 





Fig. 9. System of bifurcation of conduit A at entry to power Station 


WATER POWER July 1954 





Near the upper portion of the surge chamber a 
stockyard was provided for the 3-2 m. diameter pipes 
for the pressure shaft, these pipes being lowered 
down the surge chamber by special tackle. 

The main stockyard for the penstock pipes was 
located at the bottom of the lower tramway, and as 
it was near the power station, the pipes could be 
transferred from lorry to platform by rolling them 
over baulks and thence to the car of the cable tram- 
way without further means of handling. 

The access road to the surge chamber adjoins the 
penstock track at two points, and at one of these 
a small platform was cut to form a reserve stockyard 
at an intermediate point in the track. 

The pipes of the pressure tunnel were placed in 
position during the summer of 1950. and erection 
was carried out according to the accepted procedure 
from downstream (valve chamber) to upstream (surge 
chamber). The pipes were lowered down the surge 
chamber, taken to the erection point by lorry, offered 
up. adjusted, aligned, wedged by baulks, and con- 
crete pipe by pipe as soon as the welding was suffi- 
ciently advanced. Grouting be- 
tween pipes and concrete was 
carried out in a single operation 
after the steel lining was com- 
pletely mounted and concreted. 

The erection of the penstocks 
proper commenced with the right- 
hand conduit (conduit B), and 
was carried out in several stages. 
A first section was commenced in 
May 1951 at an intermediate point 
in the profile (M10), the pipes 
being erected from downstream to 
upstream as far as point MIS. 
While this was in progress a 
second section was commenced in 
July 1951 from point M15 to the 
valve chamber. 

During July and August a third 
gang erected the breeches piece at 
the downstream end of the pres- 
sure tunnel and the connection 
with the butterfly valves in the 
valve chamber. In passing, it may 
be mentioned that this breeches 
piece was the most cumbersome 
item to be handled, and its trans- 
port from Grenoble presented 
some difficult problems. 

All the work of erecting the 
upper section (above a level of 
1.200 m.) was completed during 
the summer, the erection of the 
distributor and the lower part of 
the penstock being left for the 
winter and early spring. 

Erection of the upper portion 
of the penstock having been com- 
pleted, erection was commenced 
in October of a section upstream 
of the breeches piece above the 
distributor at M2, and the pipes 
were placed in position as far as 
MS. Simultaneously a second gang 
erected the same section of the 
left-hand penstock (conduit A) as 
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far as M4, as it was necessary to concrete the 
very important common anchor block in a single 
operation. 

At the same time a third gang started erection 
from MS and proceeded as far as M6. During the 
winter work was confined to the distributor and the 
connections with the spherical valves of the turbines. 
The heaviest component—the first of the two large 
breeches pieces (weight 40 tons)}—was brought by 
motor vehicle and slid into position on its anchor 
block by a ramp and special tackle. The tightening 
of the nuts of the fitted bolts for the joint above 
this breeches piece called for the use of special 
hydraulic equipment. for the bolts, which have a 
diameter of 90 mm., had to be stressed to a value 
corresponding to a carefully determined service load. 
This apparatus counteracted the lack of homo- 
geneity and efficacy that a bolted connection would 
otherwise have imparted to the structure. 

The welding together of the pipe sections in the 
lower part of the penstocks. where the sheets of 
special steel are about 38 mm. thick, called for special 
procedures (preheating and postheating) for most of 
the welding was carried out at temperatures below 
5°C. These welds. like all the others, were meticu- 
lously examined by gamma rays. 

Penstock A, like penstock B, was erected in a num- 
ber of stages. The few pipes incorporated in anchor 
block 17 at the outlet from the pressure-tunnel 
breeches piece were erected in August 1951 at the 
same times as those of penstock B. Similarly, the 
large breeches piece at the bottom of the penstock 
was moved into position, adjusted and sealed on 
anchor block No. 3 so that the pipe section could be 
carried forward, in line with those of peustock B. 
as far as the important common anchor block 4. 
which had to be concreted in a single operation. This 
part of the erection was carried out during the winter 
of 1951-52. Thence pipes were placed in position as 
far as MS during the summer of 1952. 

From this point to M6, in a precipitous section 
where the rigours of the previous winter had eroded 
and undermined the ground. the work of erection 
was temporarily suspended. as a substantial amount 
of work was needed on the rehabilitation of the con- 
duit bed and the cable tramway. At the beginning 
of September 1952 erection was commenced in a 
central section (M10), and after the precipitous sec- 
tion just referred to had been repaired a fresh start 
was made in October 1952 on erection from MS. 

From December 15, 1952. severe temperatures and 
frequent avalanches interrupted all work on the pen- 
stock track. and work was confined to the distributor. 

In March 1953 it was possible to clear the lower 
cable tramway and restore it to service, and erection 
was recommenced above M6. At this time there 
was 80 cm. of snow on the centre of the penstock 
track and more than | m. on the upper section. 
In May the upper tramway was cleared and placed 
in service, and erection was recommenced above 
M13. 

Closing sections were fixed in September 1953 at 
an adequate temperature (as already stated, there 
are no expansion joints). 

The bolted joint between the lower end of the pen- 
stock at the large breeches piece was tightened. and 
this breeches piece (40 tons) placed in position, by 
methods similar to those used for penstock B. 
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Conduit Protection 

The pipes arrived on site protected externally and 
internally by a bituminous coating. As erection pro- 
ceeded, the internal and external protection was com- 
pleted at the transverse welded joints by a similar 
composition. 


Tests after Erection 

When the erection of a penstock is finished and all 
the civil-engineering works necessary to ensure its 
stability completed, the installation is subjected to a 
severe test under conditions corresponding to the 
Loading Specification of the Société Hydro-Technique 
de France. This test consists of inducing in the con- 
duits a general and uniform excess pressure above 
the static value, at least equal to the maximum nor- 
mal surge pressure in the distributor. 

For Malgovert this excess pressure is 112:2 m.. and 
accordingly a uniform overpressure of 115 m. was 
applied to all points of the conduits. In these condi- 
tions the overpressure was 15 per cent. above the 
static at the distributor and 100 per cent. above the 
static in the upper portion of the penstocks. During 
these tests the forces acting on the anchor blocks are 
increased in the same proportion. These tests thus 
check the general stability of the penstock under 
conditions that may be produced accidentally at least 
once during its lifetime. In the course of these tests. 
during which the test pressure was applied several 
times for a number of hours. the behaviour of the 
installation. and particularly that of the erection 
welds and of the anchor blocks, is minutely 
examined. 

These tests were conducted on penstock B on Sep- 
tember 29 and 30, 1953. and enabled one half of the 
Malgovert station to be brought into commission. 
Those on penstock A took place on October 8 and 
9. 1953. enabling the remaining half of the station 
to be placed in service, adding a total capacity of 
320 MVA to the electrical network. 


Hydraulic Research Conference. The proceedings 
of the Fourth Meeting of the International Associa- 
tion for Hydraulic Research in India, held in Bom- 
bay, 1951, are now available and can be obtained 
from The Secretary, Central Board of Irrigation and 
Power, Curzon Road Barracks, New Delhi, India, 
at Rs.40 per copy, this price including postage and 
packing. 


Pipeline Contract for Mocorongo. A contract has 
been placed with Ferrum (England) Limited, of 43. 
Norfolk Street, London, W.C.2., by the Empresa de 
Energia Electrica, Medellin, Colombia, for supply of 
the pipeline required for the Rio Grande (Moco- 
rongo) hydro-electric project. The order for this 
pipeline, which has a total approximate f.o.b. value 
of £80,000, was secured in the face of strong interna- 
tional competition. It is understood that a decisive 
factor in the awarding of the contract to Ferrum 
(England) Limited was that the — specialised 
experience and record of this firm in the sphere of 
design and manufacture of high-pressure pipes for 
hydro-electric power plants was well known to the 
Empresa de Energia Electrica. 
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Drilling Deep Holes for Cement Grouting 


C. L. Burridge describes the techniques of drilling grout holes up 





to 150 ft. deep with percussive machines, and quotes performance 
and cost figures, comparing them with those for diamond drilling. 


ITH the greatly increased use, in recent years, 

of cement grouting for consolidating and sealing 

the underlying rock in large dam constructions, 
the introduction of new deep-hole drilling equipment 
for grout holes has proved of considerable interest. 
On most large dams many thousands of feet of grout 
hole must be drilled in the dam excavation and sur- 
rounding rock, as well as in the actual concrete 
structure itself. Very often this drilling is in excess 
of the original estimates, and owing to the limitations 
and cost of additional equipment, was in the past a 
factor frequently causing delay. 

With the new equipment, however, drilling is fast 
and simple and where necessary can be duplicated at 
low cost, so that additional and unexpected work can 
more readily be done within a tight time schedule. 
In consequence, this equipment has been adopted 
both by firms who specialise in cement grouting work 
and contractors who do their own grout-hole drilling, 
although frequently a specialist is called in to carry 
out the actual grouting operation. 

The use of percussive machines for drilling grout 
holes is by no means new, as it has been customary 
for some time to use ordinary rock drills for rela- 
tively shallow holes, and some contractors have used 
such drills, with extension steels, to depths of 50 ft. 
or more. However, with this 
equipment great manual effort 
was involved and the time taken 
and the high operating costs, par- 
ticularly in the replacement of 
steels and bits, could only be 
justified where a small number of 
holes had to be drilled and the 
initial cost of diamond drilling 
apparatus was unwarranted. 

Deep-hole drilling equipment 
for this type of work has been 
developed by the Atlas Diesel Co. 
Ltd. The drill itself is an Atlas 
RH.657 weighing only 46 Ib. and 
is in appearance an ordinary rock 
drill with a standard-type cross 
handle. It is in fact 90 per cent. 
interchangeable with the familiar 
RH.656 tunnel drilling machine. 
As no flushing water passes 
through the machine it is possible 
to have a solid piston, which, in 
conjunction with a special valve, 
gives greater power on the up- 
stroke of the piston. This in turn 
gives the necessary high-powered 
rotation which is essential for 
deep-hole drilling. 

The drill rods, which are sub- 
jected to considerable stress. are 
manufactured from high-grade 


Fig. 1. 
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Swedish alloy steel. They are of { in. hollow hexagon 
section and are supplied as a set of shanked drill rods 
with extension rods of various lengths. Flushing water 
is introduced into the drill rods by means of a water 
swivel, to accept which the drill rods have a plain 
cylindrical portion between the standard 3 x 4} in. 
hexagon shank and the normal retaining collar. The 
lower ends of the drill rods are machined to a heavy 
rope thread of $ in. pitch, and the extension rods have 
this thread at both ends. The drill rods can be lifted 
while drilling is in progress, with the water swivel 
in position, as an exceptionally long retainer is fitted 
to the rock drill. 

When in use, the rods are joined with thin-walled 
coupling sleeves of high-tensile steel which are 
threaded throughout their length. The bits are detach- 
able and have single-chisel tungsten-carbide inserts. 
They are available in two sizes—1-42 in. (36 mm.) 
and 1:64 in. (42 mm.) diameter. The smaller size is 
the more extensively used because of its higher pene- 
tration speed, but the larger is favoured where abrasive 
rock conditions cause high diametral wear. 

The shanked drill rods are used in a series of six 
lengths, the first being 39-37 in. (1 m.) long under 
the collar and the remaining five increasing in length 
by 27°5 in. (800 mm.) steps, the longest being 5 m. 





Drilling deep holes in a dam excavation with Atlas Diesel 
equipment 
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Fig. 2. Drilling angular 





Fig. 3. Grout-hole drilling in the structure of a dam. 
Note the stand pipe already inserted for connection 
to the grout pump 
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The longest extension rods, which are the ones most 
commonly used, are 4:8 m. in length. Shorter exten- 
sion rods can be used in conjunction with the shorter 
rods of the shanked set where it is not possible to 
employ the full-length series. These short rods are 
often needed when drilling inside tunnels and other 
confined spaces. In one exceptional case a very short 
series was used for drilling grout holes in a lined 
tunnel of 4 ft. 6 in. internal diameter. In this case, 
the extension rods were only 9 in. long. 


Notes on Operation 

When joining drill rods and bits together with 
coupling sleeves, the threads should be smeared with 
high pressure gear oil such as used for automobile 
back axles. This is an important point because it has 
a considerable bearing on the life of the threads. 
Where it is not possible to use water flushing, a rise 
in temperature of the coupling sleeves and bits may 
be expected: in this event it is better not to oil the 
threads of the bit as the oil becomes fluid and the bit 
is liable to become detached by the effect of its own 
weight when the steels are being extracted or lowered 
into the borehole. 

For holes to a depth of 70—80 ft. no other equip- 
ment is necessary, although two men are required to 
lift the rods for changing. For holes from 80 to 150 
ft. it is advisable to have some mechanical assistance 
to lift the rods. A simple tripod made from scaffold 
tubing and fitted with a 5 cwt. self-sustaining pulley 
block has proved efficient. When drilling takes place. 
as it very often does, in a dam cut-off trench, the 
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pulley block can be attached to a 
beam laid across the top of the 
trench. 

Where grout holes are being 
drilled on a relatively flat surface 
it is possible to use a small, light, 
fabricated drill wagon operated 
by a pneumatic pusher. In such 
cases only one operator is re- 
quired, which obviously results 
in a great saving in cost. This 
machine is particularly effective 
where heavily fractured rock or 
clay interband make extraction of 
drill steels difficult. 

To hold the drill rods while 
changes are being made and to 
enable the hook of the pulley 
block to be attached to the rods, 
a pair of steel clamps is used, each 
clamp consisting of a steel block 
slotted to fit the drill rod and 
locked into position on the rod 
by a roller operating in tapered 
slots in the block. The roller is 
fitted between the ends of a stirrup 
iron and the attachment of the 
pulley hook to this iron tends to 
force the roller into engagement 
with the drill rod, thus locking the 
clamp securely on to the rod with- 
out damage. 

One of the essentials of success 
with this equipment is the pro- 
vision of an adequate supply of 
flushing water at a suitable pres- 
sure. The pressure should not be 
less than 60—70 Ibs. per sq. in. 
for holes of 60—70 ft. For holes 
beyond these figures the pressure should be in- 
creased, to a maximum of about 150 lb. per 
sq. in. for holes of up to 150 ft. It is most imporiant 
that the supply be free of interruption because 
even a few minutes’ cessation allows the waier- 
suspended rock particles to be deposited at the bottom 
of the hole, with consequent risk of choking the drill 
bits. For this reason the water should be left running 
during meal breaks and other intervals when the drill 
rods are left in the hole. When changing steels the 
flushing water should always be turned on first and 
then the steels lowered gradually to the bottom of the 
hole to disperse accumulated silt. 

It has been found that the most reliable water 
supply is obtained from an electrically operated ram- 
pump as this is not susceptible to freezing. Water 
supplies may be obtained from natural sources where 
a head of 300—350 ft. is available. When the avail- 
able water supply is at too high a pressure either a 
reducing valve or an air-pressure tank must be used. 
In the latter case, the maximum water pressure obtain- 
able is only equivalent to the air pressure available, 
and is thus only suited to relatively shallow holes. 

Naturally the life of the drill bits varies according 
to the type of rock in which the work is being carried 
out. For example, where non-abrasive rocks such as 
dolerite and andesite are encountered hundreds of feet 
can be drilled without resharpening, but in hard 
quartzites, granites and abrasive sandstones, a careful 
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. 4. Inserting drill steels into a grout hole 


watch must be kept on the condition of the bit. It 
usually pays to lift out the rods each time an exten- 
sion is added and to examine and resharpen the bit, 
although it may not be really blunt. By this precaution 
a more regular drilling speed is obtained, the stress 
on rods and couplings is reduced, a reasonable ratio 
of diametral to frontal wear of the bit is maintained, 
and a longer bit life is ensured. 

The main reason why this: type of equipment is 
supplanting diamond drilling for deep holes is largely 
because of the higher drilling speeds achieved. For 
instance, on one of the major hydro-electric projects 
now being carried out in Scotland, 12,000 ft. of grout 
holes have been drilled to date with Atlas equipment 
—7,000 ft. mainly in granite and 5,000 in concrete. 
A gross average speed of 11 ft. per hour, including 
all stoppages for meals, etc., has been generally main- 
tained. The deepest hole, 154 ft., was drilled in a gross 
time of 14 hours, this figure covering the time from 
starting to completion of the hole, including all breaks. 
In general, even in the hardest rock a gross drilling 
speed of 100 ft. per eight-hour shift is a reasonable 
expectation. Observed drilling speeds, including all 
steel changes but excluding meal breaks and other 
voluntary stoppages, vary from 25 ft. per hour in 
basalt to 20 ft. per hour in granite and quartzite. 
The comparable penetration speed in hard rock with 
a diamond drill with approximately the same bit 

(Continued on page 277) 
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La Houille d’Or 


The possibility of hydro-electric development in hot desert regions 

where depressions exist below sea level is discussed by George A. 

Whetstone, Ph.D., Associate Professor, Texas Technological 
College, Lubbock, Texas. 


OWER in France is a riot of colour. Since the 

day late in the nineteenth century when Aristide 

Berges, pioneer developer of water power in the 
French Alps, climaxed a speech by pointing to the 
snow and glaciers on his mountains and exclaiming 
“La houille blanche” (literaliy, white coal) hydro- 
generated electricity has gone by this name. 

The rest of the spectrum followed rapidly. Power 
from the gentle rivers of the plains became /a houille 
verte; tidal power was la houille bleue; power de- 
veloped from natural hot springs or steam vents 
became /a houille rouge, solar power concentrated by 
means of huge mirrors to develop steam without fuel 
was /a houille jaune. Even atomic power was assigned 
its colour by the French; it is /a houille violette. 

Thus Pierre Gandillon was following a well-beaten 
path when after organising a plan for the development 
of the deserts of French Somaliland based on a variant 
of solar power he gave the scheme the title /a houille 
d'or. 

Coal, of course, actually represents solar energy 
stored by the plants of which coal is the metamor- 
phosed product. Water power is a consequence of the 
hydrologic cycle of evaporation caused by solar heat, 
followed by rainfall and then runoff in the streams. 
Wind currents are the direct result of unequal distri- 
bution of solar heating. Thus in a general sense fuel 
power, water power, and wind power are forms of 
solar power. 

Direct utilisation of the sun’s energy has taken three 
principal forms: the direct utilisation of heat, the 
utilisation after conversion to mechanical energy, and 
the maintenance of head for hydro-electric plants in 
torrid climates by evaporation of the tail water. 

Historical notice of the direct utilisation of solar 
heat dates from Archimedes’ burning of the Roman 
navy under Marcellus at Syracuse in 250 B.C. by 
means of mirrors concentrating the sun’s rays. 

Hassan, an Arab, and Roger Bacon, an English- 
man, wrote on the theory of mirrors in 1029 and 
1294 respectively. A half-dozen savants contributed 
to the subject between 1550 and 1610. Dufay, a 
Frenchman, ignited material six hundred feet from 
a mirror in 1726 and de Buffon, another Frenchman, 
built a mirror with 360 movable glasses in 1750 with 
which he ignited wood and melted metals. De Saussure 
and Ducarla worked on the problem of heat concen- 
tration and storage before 1800. Their ideas were 
sound but their equipment was faulty. 

Saloman de Caus built a solar pump in 1600 
which was described by Belidor in his famous treatise 
on hydraulic architecture of 1750. Other inventors have 
since improved the device to a point where it could 
now be used, especially for irrigation of desert areas, 
if it were not that electricity and internal combustion 
engines are much less cumbersome for the same horse- 
power, can lift water to a greater height, and are more 
dependable. 
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That irrigation by solar power has had its advocates 
may be seen from a brief note in the Mémoires ae la 
Société des Ingénieurs Civils de France in 1883 citing 
an account in the San Francisco Bulletin of the organ- 
isation of the Solar Heat Power Company in California 
with 100,000 shares of stock at one hundred dollars 
each. 

The company intended to manufacture units with 
parabolic cylinders which could be adjusted to follow 
the sun. These were rated at five horse-power between 
7 a.m. and 5 p.m. and were said to be unaffected by 
casual clouds. To obtain night current the company 
suggested energy accumulation by compressed air or 
battery. Inexhaustible water, so the prospectus said, 
exists at ten to a hundred feet in many California and 
Arizona valleys. 

In reporting, in 1901, a solar motor, rated at eleven 
horse-power which had been built at great expense 
in Boston and shipped to the sunshine of South Pasa- 
dena, the chronicler of the Mémoires observed that he 
had heard nothing of the Solar Heat Power Company 
since 1883. 

Shuman, an American, built a pilot plant with 
1,160 sq. ft. of heating surface at Tacony, near Phila- 
delphia, in 1908. With it, using ether vapour, he was 
able to generate nearly three horse-power. His next 
model, with 5,125 sq. ft. of heating surface, was 
reported to have lifted 6°47 cu. ft. of water per second 
through 32:8 ft. on its best performance (24 horse- 
power). A third, still larger, model was erected at 
Meadi, near Cairo. The best power production seems 
to have been about 62 horse-power per acre of heating 
surface. 

Our chronicler commented, in reporting the Meadi 
tests in 1914, that the venture was financially unsuc- 
cessful. The device was too bulky, too much subject 
to losses by cooling, and produced steam at too low 
a pressure. A windmill would be better. The next year 
he published an ineffective rebuttal by the promoter, 
but solar power by mirrors seems to have been 
dropped, for some years at least, after these tests. 

Another line of application of solar-mechanical 
energy which seems even less promising than the solar 
pump is represented by solar clocks. Martini is re- 
ported to have built one in 1640 in which water lifted 
by expanding hot air overflowed “regularly” into a 
series of buckets which gave rotary motion to the 
clock mechanism. Pere Kircher also developed a clock 
in 1650. 

That not all the solar-mechanical inventors have 
had single-track minds may be seen from the proposal 
of Fessenden in 1911. This inspired mechanic pro- 
posed a system wherein solar heat would vaporise the 
water of a reservoir. A turbine operated on the low 
pressure steam would drive a pump which, in turn, 
would elevate water from a deep well to the surface. 
This water would, on demand, drive a hydraulic 
turbine which would provide the useful energy. 
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The sun a@ shines on a large tank of water 6b with a glass cover c 
This tank is used to raise tropical fish 4 and to produce steam which 
flows through a pipe ¢ to a steam turbine /. The exhaust steam g cooks 
a pot of chowder A made from fish and potatoes raised on the premises. 
The steam turbine f turns a pump k, which raises water from the ground 
water / into the tank m. When power is needed valve n is opened, allow- 
ing the water to flow to the hydraulic turbine 0. This causes the pulley p 
to rotate, thus driving the belt ¢, which does the work. (Note: Since work 
is repulsive to the artist it is not shown in the figure.) Part of the water 
escaping from the turbine flows through the pipe r to replenish tank b; 
the rest forms a stream s which can be used for irrigation (f and /) and 
for raising cold-water fish u. 

In case a cloud v obscures the sun a, the windmill w drives the pump 
k. The patents, if any, on this system should have expired by now. 
Fig. 1. Sketch of Fessenden’s proposals for utilising 
solar heat, incorporating a water turbine to provide 


the mechanical power 


Fessenden observed that it might be a good idea 
to connect a windmill to the pump for additional 
security since the sun is often obscured during high 
winds (see figure). 

The third, and most promising, means of developing 
solar energy is by the process Gandillon has called 
la houille d'or. 

Here we leave the domain of the patient tinkerer 
with his mirrors and machines, be they in the back 
yard, in Cairo, or in an Algerian oasis. We now enter 
the realm of the visionary. Is he a Jules Verne strain- 
ing the credulity of his contemporaries with accounts 
of such fantastic accomplishments as a trip around 
the world in a mere eighty days or is he a crackpot? 
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No longer can a simple test of a piece of equipment 
settle the question. Even the failure of a multi-million 
pound trial of some particular project would prove 
only that something was wrong with that project as 
attempted. 

The most grandiose proposal made to date is the 
suggestion that the Mediterranean Sea be dammed 
at Gibraltar and allowed to evaporate in large part 
sO as to give some nations more land and to increase 
the power heads on the Rhone, Po, Nile, and other 
rivers. At the other end of the scale, well documented 
plans for the development of such depressions as the 
Dead Sea, Lake Maracaibo, or the Goubbet Kharab 
have been prepared by competent engineers. 

The earliest proposal for utilisation of solar evapo- 
ration to permit production of hydro-electric power 
seems to have been made by Theodor Herzl, a founder 
of modern Zionism, at a conference in Basel, Switzer- 
land, near the turn of the century. 

A detailed plan to accomplish this objective was 
drawn up by the Norwegian engineer, Albert Hjorth, 
about 1920. Hjorth cited Biblical inspiration (Ezekiel, 
Chapter 47, and Zechariah, Chapter 14) for his plan 
which included a tunnel 40 miles in length between 
the Mediterranean and Dead Seas, a hydro-electric 
plant capable of generating 100,000 h.p. from this 
sea water under a head of 1,290 ft., irrigation pumping 
from the River Jordan thus utilising its sweet water 
which now flows to the Dead Sea, electrochemical 
development of the brines which would have as a 
by-product close enough salinity control to permit 
some fish life, and power for operating the asphalt 
mines of Sodom and Gomorrah. 

The French technical journal Le Genie Civil in 
reviewing a discussion of the scheme by A. Graden- 
witz in the Italian magazine /'Industria concludes by 
stating, “We have cited this project as a curiosity 
but it is improbable that it will ever be brought to 
execution, for it would necessitate the employment 
of considerable capital which would doubtless be out 
of proportion with the benefits to be obtained.” This 
statement was made in a period when public works 
budgets were much smaller than at present. 

In 1937 Willy Wm. Salmon, of New York, prepared 
an alternative plan with financing and construction 
by stages which would provide inland waterways for 
ocean liners, a million horse-power of hydro-electricity, 
and all-year accumulation of rain and river water. 

After a visit to Palestine in 1938, W. C. Lowdermilk, 
of the United States Soil Conservation Service, pro- 
posed a Jordan Valley Authority and outlined a 
scheme of development similar to that of Hjorth. 

A Reuter’s news dispatch in March 1953 in report- 
ing work under way on a diversion of waters of the 
River Jordan for irrigation mentions that this is an 
early stage of a plan which will include, in about ten 
years, the development of water power from water 
diverted from the Mediterranean to the Dead Sea. 

As an indication of the careful planning and exten- 
sive ramifications which such a scheme may entail, 
perhaps the clearest example is Gandillon’s original 
“la houille dor.” 

French Somaliland, of which the capital and prin- 
cipal port is Djibouti, is a narrow strip of land on 
the African coast near the Straits of Beb-el-Mandeb. 
Through this channel, which connects the Red Sea 
and the Gulf of Aden, passes all the commerce of the 
Suez route to the Indian Ocean. 
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Djibouti gained early prominence as a commercial 
port in competition with Aden (British) and Cheik- 
Said (French) since, unlike these artificial coaling and 
watering stations on the desolate Asiatic shore, it could 
draw on the agricultural wealth of Abyssinia which 
flowed, or more accurately dribbled, to Djibouti over 
the French-owned railroad to Addis Ababa. 

By 1930, however, French supremacy in the Abys- 
sinian trade was being undermined by the British 
with their outlets to the Upper Nile and by the 
Italians who were aggressively developing their coastal 
possessions of Eritrea and Italian Somaliland and 
especially the competing port of Massaua. 

To meet this challenge, Gandillon secured a con- 
cession for a three-phase plan of public works which, 
in sharp contrast to most depression-born schemes, 
involved no raid on the public treasury. Had the com- 
petition remained on a commercial basis rather than 
culminating in Mussolini’s conquest of Abyssinia, /a 
houille d'or might well have succeeded. 

Recognising that Somaliland is one of the hottest 
spots on earth, the first phase of the plan had as prime 
objectives the development of a moderate supply of 
dependable electric power and the establishment of 
a residential city in the Gouda Mountains, a range 
which rises to over five thousand feet. As much as 
possible of the work was to have been done in France. 

For this first power production Gandillon proposed 
to develop the tides flowing through the narrows from 
the head of the Gulf of Tadjourah to an elliptical 
basin, with axes of twelve miles and six miles, known 
as the Goubbet Kharab. The narrows consists of two 
passes divided by a rock called the Isle of Bab. The 
southern channel has a width of 1,600 ft. and a depth 
of less than 15 ft.; the northern is 600 ft. wide with 
depths up to 130 ft. Since the tides in the Gulf of 
Tadjourah have an amplitude of about 10 ft., very 
violent tidal currents exist in the passes. The first 


London Offices for Thos. Storey (Engineers) Ltd. In 
December last this firm opened a London office at 
Abbey House, 6, Victoria Street, Westminster, 
S.W.1., in order to facilitate its export business and 
to provide a convenient point of call for overseas 
visitors in need of technical information on Bailey 
equipment. These premises were formally opened 
recently by Sir Donald Bailey, O.B.E., J.P., the in- 
ventor of the famous bridging system which is named 
after him, and which played such an important part 
in the recent war. In addition to its role as bridging, 
the Bailey principle has now been adapted to a 
variety of structures which have been applied to in- 
numerable purposes, and is of great interest to 
readers of this journal for the ease with which it can 
be used for false work and other purposes in con- 
structing large dams for hydro-electric schemes. 
Bailey equipment affords extraordinary flexibility in 
design, and its simplicity is such that it can easily 
be erected by unskilled labour with a minimum of 
supervision: also the individual components are so 
light that they can readily be handled by manpower, 
and are so accurately fabricated that each part is 
perfectly interchangeable. 

“Careers in Engineering” Film. An admirably 
conceived film was exhibited recently by The 
English Electric Co. Ltd. to show the training 
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plant would be on a barge to be constructed complete 
with turbines, generators, and compressed air storage 
tanks in France and then towed to its final position 
in the north pass. Assuming an efficiency of five to 
ten per cent. for this crude means of power conversion, 
the original development should yield 10,000 h.p. 

This would be sufficient to supply the worker’s city 
in the Goudas, to provide for irrigation pumping from 
some springs in these mountains, and to initiate an 
electrochemical industry on the salt deposits near the 
Goubbet Kharab. Since the soil between the moun- 
tains and the coast is fertile and adequate ground- 
water exists, the nearly continuous sunshine could be 
depended on to produce commercial crops of cotton 
and coffee as well as garden produce. 

The second phase would involve a simultaneous 
increase in the energy supply and in the agricultural 
and electrochemical industries utilising it. The public 
works of this phase would include the installation of 
a power heuse in a dam to be erected across the 
shallow southern pass. This construction, by increas- 
ing the velocity in the northern pass, would result in 
possibly doubling the power output of the floating 
tidal plant. 

The third phase would involve a further extension 
of power development and utilisation. It was estimated 
that 40,000 h.p. could be developed by allowing sea 
water to flow, after gentle pump lifts, into the great 
natural evaporation basins of Lake Assal and Lake 
Hallol. Part of the power of this phase would be 
employed in electrification of the railroad; much of 
it would be used in electro-metallurgical operations 
using the rich deposits of chlorides, potassium, and 
bauxite in the colony. 

Thus, in theory at least, it would be possible com- 
pletely to recast the economy of a region devoid of 
fuel and having only five inches of rain per year by 
the utilisation of tidal and solar evaporative power. 


and educational facilities they offer to young 
men wishing to become engineers. At the present 
time the company are training some 3,500 
apprentices who can follow any particular branch of 
engineering they fancy—locomotive erection, aircraft 
assembly, electronics, design and research and so on. 
The film has been compiled to give youngsters at 
school and technical colleges direct information on 
careers open to them in the engineering world and 
is available on loan to educational institutions free of 
all charge. A qualified lecturer from the company’s 
educational department is also available, if required, 
to exhibit the film and to answer any questions that 
may be raised. 

Further details of The English Electric Company’s 
training schemes are contained in two excellent publi- 
cations entitled “Earning While Learning” and 
“Opportunities for University Graduates.” 
Forcacava Station Renamed. The Forcacava station, 
Brazil, which was the subject of articles in our 
August, September, October and November 1953 
issues, has been given the name of “ Nilo Peganha ” 
in memory of the President of the State of Rio de 
Janeiro at the time when legislation concerning elec- 
trical energy in that State was first introduced. In 
consequence, the name “ Forgacava” will not be 
used officially in the future. 
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Fig. 1. The Jochenstein development in January 1954 


Jochenstein 


A brief account is given of this Danube power plant 
by Dr. Erwin KOnigshofer. 


HENEVER the hydro-electric resources of 
Austria are considered, the utilisation of the 
Danube comes to the fore. Local projects for 
the Danube were elaborated soon after the first world 
war, but an overall plan of development was not in- 
vestigated until after the termination of the second 
world war. The studies which were undertaken have 
shown that in the particular section of the Danube 
where both embankments lie in Austrian territory, 
water power may be developed in eleven stages under 
a net head of 94:7 metres. In these eleven stages a 
total capacity of 1,521,000 kW may be installed, 
yielding an annual production of 10,415 million kWh. 
The Ybbs-Persenbeug stage is the first to be 
developed, and is designed for a capacity of 185,000 
kW, the estimated annual output being 1,200 million 
kWh. This scheme is now under construction. 
Downstream of the city of Passau and below the 
confluence point of the Inn River and the Danube the 
latter river forms the border between Austria and 
Germany for a distance of over 20 km. Here the 
Danube has made a deep cut in the country rock, and 
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favourable conditions exist for the establishment of 
a twelfth stage. As the Inn River discharges its main 
water flow in summer, while the Danube has its main 
water flow in winter and spring, the combined flow of 
the two rivers is comparatively well balanced. A 
further favourable feature at this point is that the 
valley here forms a deep gorge, and the gradient of 
the bedrock is relatively high. 

As early as 1918 the Rhein-Main-Donau Company 
suggested the development of a storage stage at this 
point, which was called “ Jochenstein,” after a steeply 
projecting rock in the river bed. In 1950 the respec- 
tive plans were elaborated by a joint Austro- 
Bavarian projecting office. As the Danube forms an 
international boundary at this site certain legal con- 
ditions had to be decided before a joint power plant 
could be established. Accordingly, in February 1952, 
the Donaukraftwerke Jochenstein Company was 
formed jointly by Austria and Germany, and en- 
trusted with the task of developing Jochenstein on a 
full parity basis. The constructional costs are being 
borne equally by both parties, and the orders shared 
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the weir will have to be deepened 
to make up for the difference in 
length of the banks belonging to 
the two states. By these means 
extra energy will be obtained. 
The total intake of the plant, 
corresponding to a water flow ot 
about 98 days in a normal year, 
will amount to 1,750 cu. m. per 








Fig. 2. 


evenly between Austria and Bavarian suppliers; in 
addition, the power site has been made an interna- 
tional zone, into which equipment for the plant may 
be imported duty free. In like manner the requisite 
labour force has been recruited from both countries, 
and the constructional work jointly supervised. Both 
countries will benefit equally from the power produc- 
tion when the plant is completed, and in order to 
maintain this balance a special arrangement was 
necessary. The two river banks are not of equal 
length, and on the Austrian side the river bed below 


Weir pillars completed on the Austrian bank 


sec., and will enable nearly 90 per 
cent. of the annual flow to be 
utilised. Of the total output of 
electrical energy about haif will 
be produced in the winter months 

Constructional work on_ the 
plant was begun in November, 
1952. Fig. 3 shows the general 
layout of the scheme and the pro- 
gress made up to January 31, 
1954. The characteristic feature of 
the storage site is that the river 
bottom is fairly even from side to 
side, and consists of a sound gneiss 
over almost its whole width, a fact 
which has made the construction 
of the foundations a relatively simple matter. Model 
tests have shown that the most favourable water-flow 
conditions are created with the weir erected on the 
Austrian bank and the generating station on the Ger- 
man bank, and with the generating station and weir 
arranged in a slight curve. The radius of curvature 
amounts to 1,500 m. The weir is to be located up- 
stream of the Jochenstein rock, which will be largely 
preserved in its present state. 

Whereas run-of-river plants are usually equipped 
with a single lock only, Jochenstein will have twin 
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Plan of the Jochenstein development showing progress up to January 31, 1954 
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Fig. 4. Excavation for three of the generating sets 


locks, both erected on the northern, i.e. the German, 
embankment; each will have a free width of 24 m. 
and a usable length of 230 m. The maximum lock 
lift amounts to 12:5 m. Adjacent to the lock will be 
the power house. The available head of 9-6 m. sug- 
gested the practicability of installing Kaplan turbines, 
and five direct-coupled generating sets are contem- 
plated, each of 39,000 h.p. and passing 350 cu.m. per 
sec. of water. The runner diameter is 7-4 m. and the 
speed 65:2 r.p.m. The three-phase synchronous gene- 
rators have each a rated capacity of 35,000 k Va, 9,00C 
V, at 0°8 power factor. When completed the plant is 
scheduled to produce 940 million kWh in a normal 
year, the time of utilisation being 6,700 hours, 46 per 
cent. in the winter and 54 per cent. in the summer. 

Flanking the power house is the weir, which has 
Six Openings each with a free width of 24 m. and a 
height of 12 m.; the weir locks are electrically 
operated and remotely controlled. 

Constructional progress has so far (January 1954) 
been very satisfactory. Fig. 2 shows the weir pillars 
which have been completed on the Austrian bank. 
An excavation located on the left bank has been 
made for the foundations of three of the generating 
units of the power plant, the progress made up to the 
end of January 1954 being revealed in Fig. 4. Con- 
structional work on the lock walls has advanced 
quickly, Fig. | showing the development up to the end 
of January 1954. Coffering has now been erected for 
two more weir pillars as indicated in Fig. 3. Rela- 
tively little work will be regGired in connection with 
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the back-water basin, which will extend as far as the 
German city of Passau. 

It is expected that three generating units will be 
put to operation by the spring of 1955, while full 
operation of the plant is scheduled for 1956. After 
Ybbs-Persenbeug, Jochenstein will be the second 
largest run-of-river plant in Central Europe. 


From page 27] 

diameter is only about 5 ft. per hour gross time and 
is very often much less. The capital cost of diamond- 
drilling equipment is considerably higher than that 
for the percussive drilling equipment, and the financial 
risk involved in the loss of a diamond bit is far in 
excess of that for the equivalent tungsten-carbide 
fitting. 

Some recorded cost figures of drilling with Atlas 
deep-hole equipment in quartzite and granite showed 
the average life of the drill bit to be 300 ft., of the 
coupling sleeves 1,500 ft., and of the drill rods 900 to 
1,000 ft. At present-day prices this represents a cost 
of about 5d. per foot of hole drilled. A recent modi- 
fication of the coupling design can be expected to 
result in a longer life to the rods and sleeves with a 
consequent lowering of cost. 

Where the capital cost of the initial equipment 
has to be written off during the life of the contract, 
involving say 50,000 ft. of drilling, this cost, plus the 
cost of spare parts, would be less than 4d. per foot 
of hole drilled. 
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New Winch for Clearing Sites 


liiternational Harvester Company of Great 
Britain, Limited, announce a new extra-heavy-duty 
winch which has been designed for use with their 
crawler tractors. It is being manufactured by T. T. 
Boughton & Sons Limited, Amersham Common, 
and is known as the Boughton Model C. Chain 
and sprocket transmission has been dispensed with, 
and the winch is fully gear driven, and has both 
under and overwind with power reverse. It is fitted 
with a clutch and a manually operated brake, the 
operator using the tractor master clutch to apply the 
power to the winch. 

The drum can be made free-spooling instantly by 
operating the winch clutch, allowing free run-out of 
rope by hand without touching the other controls. 
Tapered roller bearings are fitted at all critical points 





to absorb heavy loads, and the gears are of case- 
hardened and ground high-duty alloy steel. Final 
reduction gears are spiral bevel crown wheel and 
pinion, affording a smooth and economical transfer 
of power. 

Although the winch is designed mainly for logging 
it can be employed for many purposes on site- 
clearing operations. 


Brabo Diesel Generating Sets 


J. & H. McLaren Limited, now a member of the 
Brush Group, manufactures an extensive range of 
diesel engines and diesel generating sets which we 
were recently invited to inspect. The diesel engines 
range in power from 34 to 200 b.h.p. and the diesel- 
electric generating sets from 1} to 115 kW. The Brabo 
generating sets are completely self-contained units and 
are robust-looking machines which are particularly 
suitable for remote places where no skilled labour is 
available. They are made in six sizes, viz. 1}, 3, 6, 
124, 18 and 25 kW, and whereas the smaller units 
are intended for domestic lighting only, the three 
larger sizes should prove very useful on constructional 
camp sites where a modest supply of electric power 
is necessary. For the three larger sets the prime mover 
is a Petter twin, three or four-cylinder engine, manu- 
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factured by J. & H. McLaren Limited, flexibly 
coupled to a Square Path alternator supplied by The 
Brush Electrical Engineering Co. Ltd. Five versions are 
offered of these three sizes: hand start, remote stop: 
remote start, remote stop; fully automatic; electric 
start, remote stop: and automatic start in the event of a 
mains failure. The sets are suitable for running in 
parallel with other sets in the range and are supplied 
in three standard voltages, viz. 440/250, 415/240 and 
400/230. A canopy can be supplied for making the 
sets completely self-contained, so that no further 
accommodation is required. 

The Brush Square Path alternators incorporate a 
form of winding which enables an inherent regulation 
of plus or minus 5 per cent. over a range of power 
factors varying from 0-8 to unity. The accompanying 
illustration shows the 25 kW remote-start remote-stop 
400/440 V 50 cycle set; separate wall-mounted mains- 
failure equipment is provided with this set. 


Ingersoll-Rand < Impactool pe 


The Impactool illustrated herewith has hitherto 
been manufactured by Ingersoll-Rand in the United 
States only, but is now being made at their works at 
Manchester. This tool, Size 534, is capable of applying 
and removing nuts up to 1} in. bolt size. It is reversible 
and applies a rapid succession of impacts to a nut 
while the motor runs at constant and uniform speed. 
These rotary impacts permit the rapid tightening of 
nuts and cap screws to any desired degree, or the 
removal of stiff or corroded nuts which would other- 
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wise have to be burned or cut off. It functions by 
compressing a powerful hammer spring and suddenly 
releasing this energy to strike a rotary blow. This 
action, it is claimed, involves no sudden shocks or 
constant strains on the power end of the tool, and the 
operator is equally at ease when starting frozen nuts 
as he is when spinning down loose ones. The tool is 
sufficiently light in weight to be used in any position. 


Weight less socket (ID.) ..............0.0000 27} 
EE GUN GIB D vnssssccnsossssysncreseves 193 
Side to centre hammer case (in.) ............ 2 
EMOCIS HET MUMUES ............000cccseseee 1270 
IEEE Giieicsonccasinnscentitienennntiiniennntas 700 


Underwater Inspections 


A light self-contained diving apparatus, known as 
the “Essjee’” Aqualung, which can be used for the 
inspection of underwater installations, is now being 
Gorman & Co. Ltd. 


made by Siebe, (Tolworth, 





Surrey). With this equipment a swimmer can work 
with complete freedom down to depths of 100 ft., 
reporting on conditions or taking photographs. 
There are two main types of equipment likely to 
be of interest—the standard aqualung and the twin 
model. The former consists of a cylinder of com- 
pressed air at 1,800 Ib. per sq. inch (120 atmospheres) 
strapped to the back of the swimmer by a webbing 
harness. A valve on the cylinder regulates the flow 
of air to the lungs and the eyes and nose are covered 
by a rubber face-mask with a glass window affording 
a wide angle of vision. With the standard model it 
is possible to stay underwater at a depth of 60 ft. for 
15 minutes: at 33 ft. the time would increase to 22 
minutes. The twin model is basically the same as the 
standard but has two compressed air cylinders allow- 
ing the swimmer to stay under water twice as long. 
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The standard aqualung (weight 25 lb.) costs ap- 
proximately £44 and the twin version (50 Ib.) approxi- 
mately £69. A smaller version, known as the junior 
“Tadpole” aqualung, 20 Ib. in weight, can be used at 
a maximum depth of 33 ft. for 12 minutes, and costs 
£42. It should be understood that under water the 
equipment is virtually weightless. Special diving suits 
for use with aqualungs can also be provided. 


Holman Impact Wrench 


The accompanying illustration shows the new 
impact wrench made by Holman Bros. Ltd., Cam- 
borne, in use for tightening roof bolts, a task for 
which it should prove an acquisition to tunnelling 
engineers using this method of roof support. Many 
other uses can be found for this tool. It can tighten 
nuts in the ordinary course of machine assembly, it 
can remove bound nuts that would otherwise have 





to be split or burned off, and when fitted with a suit- 
able chuck, can be used for drilling, tapping, tube 
expanding, and clearing choked tubes. 

The wrench is driven by a Holman cartridge- 
vane-type motor, and impact is delivered by a piston 
impelled by ultra high pressure generated from the 
motor supply. This design is claimed to produce 
very rapid acceleration of the striking hammer, 
resulting in a high impact value. 

Leading dimensions are given in the accompany- 
ing table. 
| 


Size Capacity Square | Spindle | Length Weight 
bolt size drive chuck offset } 
in. mm in. mm in. mm. | in. mm Ib. ke 
404 | 3-1 19-25 1 25 1} 44 | 16 406 21 95 
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Abstracts from the 
World Technical Press 


Bell’s Annular-flow Turbine 
Under reference to various articles published re- 
cently on the “Sfindex” equipment, a description is 
given of the annular-flow turbine for which the 
Theodor Bell Engineering Company were granted 
patent rights in Germany (No. 452,983) as far back as 
1924. The needle-controlled jet of the Pelton wheel 
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FIG. 2 
led the designer to the hollow jet which characterizes 
the “Sfindex” Turbine and, as in the latter, the cross- 
section of the flow is regulated by an axially movable 
surface of rotation, and swirl is produced by in- 
dependent means. Actually, the Bell experimental 
turbine built in 1925 was fitted with two helical 
guide-blades to produce the swirling effect in the 
hollow jet. This corresponds to the possibility pro- 
vided for in the “Sfindex” patent of substituting 
helical surfaces for guide surfaces generated parallel 
to the axis. It is interesting to compare the project 
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of an annular-flow turbine worked out at about the 
same time and shown in Fig. | with diagram Fig. 2 
which is reproduced from the “Sfindex” patent 
specification; in both instances, the admission flow 
is split by a regulating ring of needle-shaped cross- 
section. A particularly conspicuous feature of the 
design shown in Fig. | is the incorporation of a 
regulating ring and of swirl-producing guide blades 
as occuring in the “Sfindex” test turbine (see WATER 
Power, Dec. 1953, p. 455, Fig. 5 of article on “A New 
Method of Producing Annular Flow”). 

In the two years following its construction, the Bell 
turbine was tested with seven different runners, three 
for full flow followed by four for annular flow, the 
latter being fitted with boss extensions; the tests were 
carried out under a head of 25 m., the turbine 
developing up to 12 h.p. The speed reached on the 
average 130 r.p.m. at the most favourable point of 
each test, thus exceeding substantially the results 
aimed at. In the “Sfindex” turbine, the runner 
reaches a speed of about the same order, 140 r.p.m., 
and operates therefore within the scope of the nx 
attained by the Francis turbine. Only further im- 
provements can show whether an equal degree of 
efficiency can be attained with specific speeds of 
ns -30-60, and whether added improvement will 
enable this 30-year old invention to be developed on 
a practical scale. (Technische Rundschau, Bern, 
Vol. 46, No. 6, 12.2.54, p. 7, 3 cols., 7 ff.). 


A Japanese TVA 

The mere than six-year-old dispute on the large- 
scale hydro-electric development of the Tadami River, 
which runs through the Fukuschima and Niigata 
Prefectures. was finally settled last year. just in time 
to start work within the present fiscal year. The high- 
lights of the project are:— 

1. A chain of eleven new power stations on the 
upper Tadami, designed to increase the generating 
capacity of the area by 1,417,000 kW, with storage 
reservoirs totalling 1,370 M cu. m. capacity at Oze- 
bara, Okutadami, Tagokura and Uchikawa; 

2. Diversion of 73 M. cu. m. of water from the 
Okutadami reservoir to the Shinano river basin 
through a 6 km. long tunnel 2:4 m. in diameter. While 
in transit to the Kuromata river, the water will 
generate 11,000 kW. Along the Kuromata river itself, 
a 40 M. cu. m. reservoir will be set up for irrigation 
purposes, and five new power stations upstream of 
the confluence of the river with the Shinano will pro- 
vide jointly a further capacity of 121,000 kW; 

3. An annual volume of 30 M. cu. m. will be fed 
back to the Okutadami reservoir to improve the 
capacity of the Tadami system: the aggregate capacity 
of the Tadami and Kuromata rivers will thus be in- 
creased by 1,538,000 kW, and add 4.660 M. kWh to 
the power supply of the country. 

The Government and the power companies con- 
cerned are planning to complete the whole develop- 
ment within five years from the beginning of con- 
struction work in September 1953; it is. however, 
feared that completion may take two or three more 
years. The first stage of construction is to include 
three plants at Okutadami, two plants on the Tago- 
kura and the Kuromata rivers, and the Okutadami- 
Kuromata power tunnel. (The Mainichi, Overseas 
Edition, Osaka, No. 26, August 15, 1953, p. 8/9, 
6 cols., | f.) 
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1.C.0.S.-Veder Concrete Sheet Piling 


A description is given of a new system of deep 
sheet piling worked out by Dr. Ing. Chr. Veder and 
subsequently applied in practice in several instances 
in Italy by the Impresa Construzioni Opere 
Specializzate (1.C.0.S.). The method is developed 
from the mud-flush boring process applied for many 
years to oil-well boring, and also known in coal 
mining as the Honigmann shaft-sinking system. The 
holes to house the piles are first bored under the pres- 
sure of a heavy-medium suspension (bentonit-cum- 
water), which has the property of gelling promptly 
when undisturbed and, upon stirring, reverts to its 
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fluid form. Once the required depth is reached, the 
suspension in the hole is diluted and the concrete 
poured. The watertight curtain of piling is formed by 
a row of overlapping piles Neighbouring holes are 
bored so as to leave a gap between them which can 
be removed several hours later by boring an inter- 
mediate hole; the various stages of this operation are 
shown in Fig. 1. A further advantage of this system 
lies in its high carrying capacity. Tests carried out 
on an isolated set of three piles 0.6 m. diam. and 0.5 
m. apart between centres, sunk in ground consisting 
of course gravel and sand to a depth of 9.5 m, and of 
sandy clay to a further depth of 3 m, established that 
the piles did not settle more than 0.4 mm under a 
load of 120 tons. This uncommon carrying capacity 
is ascribed to the bentonit-cum-water suspension 
which lines the wall and the bottom of the hole and 
forms a cohesive and watertight casing. It is also 
claimed that this system permits to drive sheet piling 
to considerable depths without the help of any piping, 
even on broken ground, without disturbing in the 
least the verticality of the holes and piles; a depth of 
no less than 94.3 m (309 ft.) is said to have been 
reached in actual practice. Fig. 2 shows an instance 
of practical application of the I.C.O.S.-Veder sheet 
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piling at an intake on the Voturno River, near 
Venafro, north-east of Naples. (Dr. Ing. Paulgerhard 
Franke, Die Wasserwirtschaft, Vol. 44, No. 3, Decem- 
ber 1953, p. 60, 3 pp., 7 ff.) 


Surge-Tank Research 

Practically the whole of this issue of La Houille 
Blanche, Vol. 8, No. 5, October 1953, is devoted to 
surge-tank studies in five articles: — 

New Methods of Surge-Tank Calculation, divided 
into the following sections: I—Equations relating to 
mass oscillations; 1l—Preliminary calculations; I1l— 
Linearisation Method; IV—Final Calculations; V— 
Stability of mass oscillation; VI—Applying the law 
of similitude to surge chambers; VII—Restricted- 
orifice surge-tanks; V1I1I—Various problems requiring 
model tests; IX—Influence of working conditions on 
surge-tank design. (B. Zicman, Neyrpic Laboratories, 
p. 580, 19 pp., 17 ff.) 

Determining Head Losses in Restricted Orifices. 
After emphasising the importance and difficulties of 
the problem, the author suggests a classification of the 
various systems of restricted orifice in accordance 
with the nature and the layout of the components of 
the structure which bring about head losses—branch- 
ing, constriction, and sudden widening. A theoretical 
approach of the problem would seem to lead to a 
close approximation in many instances but, in other 
cases, resort to scale-model investigations cannot be 
avoided. This article concludes with general considera- 
tions on the curves representing head losses due to 
the constriction, and their variations corresponding to 
its opening or closure. (Léon Levin, Ecole Nationale 
Supérieure d’Hydraulique, Grenoble, p. 599, 8 pp., 
6 ff.) 

Investigating the behaviour of a tailrace pressure 
tunnel in a system operating without a surge tank. 
A comparison of the results (excess pressure, volume 
of air pocket, discharge) obtained by both computa- 
tion and Bergeron’s graphical method is given in (a) 
an unaerated tailrace tunnel; (b) with a Caquot type 
air-intake valve; (c) with an aeration shaft. The results 
concord, and show that in the case of high excess 
pressures, aeration by valve or shaft will considerably 
reduce them. Excess pressures are but slightly affected 
by head losses but will, on the other hand, decrease 
rapidly as the closure period of the turbines extends. 
Scale-model tests satisfactorily confirmed the theoreti- 
cal investigations. An interesting feature of these tests 
is the observation of cavitation by means of a film 
taken at the rate of 1,700 frames per second, and 
partly reproduced at the end of the article. (L. Escande 
and J. Nougaro, p. 607, 33 pp., 36 ff.) 

Two surge-chamber systems and Thoma's con- 
dition. Proceeding from the importance of complying 
with Thoma’s condition in hydro-electric installations, 
the author investigates the conditions obtaining in an 
installation equipped with two surge-chambers, one 
upstream, the other downstream of the turbine. In 
the usual case of head losses that are small in relation 
to the net head, and in an installation which is not 
fundamentally unstable, the results are as follow:— 
The behaviour of the installation is almost similar to 
that of two separate plants operating upstream and 
downstream respectively; the pseudc-periodicity of 
oscillation is inferred from this behaviour. The instal- 
lation is stable if the cross-section of each tank exceeds 
the corresponding Thoma cross-section; it is always 
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slightly unstable if the cross-section of both tanks 
are just equal to the Thoma cross-section. The im- 
portant conclusion drawn is that no two surge-tank 
systems can be stable if the cross-section of the one 
tank is smaller than Thoma’s, even if the cross-section 
of the other tank is very much greater. (R. Meyer, 
Laboratoire Dauphinois d’Hydraulique, p. 640, 7 pp.. 
8 ff.) 

The series conclude with the paper of Prof. L. 
Escande and Prof. R. Huron on “Stability of a Two- 
Surge-Chamber System,” submitted in June 1953 to 
the Société Hydrotechnique de France, and repro- 
duced in WATER Power, September 1953, p. 338. 


Earthfill Dam with Special Features 
Work on Palisades Dam in Idaho—the Bureau of 
Reclamation’s largest earthfill structure—got into 
full swing during the 1953 construction season, with 
more than 2 million cu. yards of fill placed. Opera- 
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the influence of the parameters on which the stability 
of frequency mainly depends in installations of the 
type under investigation:—acceleration constant, time 
constant of regulation system, time constant of pen- 
stock, sensitivity factor of couples in relation to 
frequency variations, stabilisation factor, and time 
constant of load variation. (M. Cuénod and J. Wahl, 
Société Ofinco, Geneva, Bulletin Technique de la 
Suisse Romande, Vol. 80, No. 6, 20.3.1954, p. 77, 
9 pp., 17 ff.; No. 7, 3.4.1954, p. 89, 6 pp., | f.) 


Wanjii Power Station 

This station, commissioned by the East African 
Power & Lighting Co. Ltd., is situated some 50 miles 
north of Nairobi, and about half-way between that 
city and Mount Kenya, which rises to a height of 
17,000 ft. The scheme is unusual in that the turbines 
operate at two different heads, the water from the 
two larger sets (3,000 kVA) being drawn from a dam 
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plus gravel, cobbles and rock fragments to 5 in. maximum (3,770,000 cu. yards); Zone 3, sand, gravel and cobbles compacted by 
crawler-type tractor to 12 in. layers (3,570,000 cu. yards); Zone 4, rockfill dumped in 3 ft. layers (880,000 cu. yards); Rock blanket, 


min. size 5 in. (310,000 cu. yards); Riprap, from 4 cu. ft. 


tions were hampered by a short season (embankment 
placing was shut down on October 22) and by delays 
in completing the power and outlet tunnels that are 
to serve as diversion conduits. Borrow pits for the 
vital impervious fill were major problems, one was 
wet and the other dry, but both had to be fully ex- 
ploited. Design features centre around the founda- 
tions. The left abutment rests on hard andesite which 
also supports the power house. The central part of 
the dam stands on relatively compact formations of 
sedimentary origin but the surface of the andesite is 
erratically eroded. This has led to use of two cutoff 
trenches and an upstream blanket of impervious fill 
over the sedimentary formation as well as of double 
concrete cutoff walls between the andesite and the 
fill, The reservoir created by the dam, though 
principally for irrigation purposes, will also help 
flood control in the upper Snake River area, and 
provide the Pocatello-Idado Falls area with power. 
The main characteristics of the scheme are as 
follows: 

Volume of dam (in yards) 

Height above streambed (ft.) 

Height above lowest excavation (ft.) 

Power supply is scheduled to begin 
(Eneineerine News-Record, Vol. 151, No. 
31, 1953, p. 28, 4 pp., 7 ff.). 


Improving Frequency Stability 

The methods and means of improving the stability 
of frequency in a system fed by a hydro-electric 
generating plant are reviewed in detail, beginning with 
low-head plants, which generally imply the most un- 
favourable conditions. The authors restrict their con- 
siderations to relatively narrow load fluctuations, such 
as are the rule in medium-size systems, and emphasise 
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on the Mathioya River, while the smaller sets derive 
their water from the Maragua. The larger units are 
driven by 3,600 h.p. Harland-Morgan Smith turbines, 
arranged horizontally and running at a speed of 600 
r.p.m. under a net head of 335 ft. The smaller units, 
of which one only is at present installed, are driven 
by turbines of the same make and develop 1,500 h.p. 
when operating at 750 r.p.m. under a net head of 
221 ft. 

A novel limiter device is used to control the clos- 
ing rate of the governing gear in the event of the oil 
pressure failing, enabling the gates to be closed over 
a predetermined time interval that is calculated to 
prevent a dangerous pressure rise in the penstock, 
but at the expense of a speed rise which, however, 
is well within the designed safe limit. (H. Grafen, 
Dip.R.T.C., The Harland Magazine, page 12, 5 pp.., 
5 ff.). 
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slightly unstable if the cross-section of both tanks 
are just equal to the Thoma cross-section. The im- 
portant conclusion drawn is that no two surge-tank 
systems can be stable if the cross-section of the one 
tank is smaller than Thoma’s, even if the cross-section 
of the other tank is very much greater. (R. Meyer, 
Laboratoire Dauphinois d’Hydraulique, p. 640, 7 pp.. 
8 ff.) 

The series conclude with the paper of Prof. L. 
Escande and Prof. R. Huron on “Stability of a Two- 
Surge-Chamber System,” submitted in June 1953 to 
the Société Hydrotechnique de France, and repro- 
duced in WATER Power, September 1953, p. 338. 


Earthfill Dam with Special Features 
Work on Palisades Dam in Idaho—the Bureau of 
Reclamation’s largest earthfill structure—got into 
full swing during the 1953 construction season, with 
more than 2 million cu. yards of fill placed. Opera- 
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tions were hampered by a short season (embankment 
placing was shut down on October 22) and by delays 
in completing the power and outlet tunnels that are 
to serve as diversion conduits. Borrow pits for the 
vital impervious fill were major problems, one was 
wet and the other dry, but both had to be fully ex- 
ploited. Design features centre around the founda- 
tions. The left abutment rests on hard andesite which 
also supports the power house. The central part of 
the dam stands on relatively compact formations of 
sedimentary origin but the surface of the andesite is 
erratically eroded. This has led to use of two cutoff 
trenches and an upstream blanket of impervious fill 
over the sedimentary formation as well as of double 
concrete cutoff walls between the andesite and the 
fill. The reservoir created by the dam, though 
principally for irrigation purposes, will also help 
flood control in the upper Snake River area, and 
provide the Pocatello-Idado Falls area with power. 
The main characteristics of the scheme are as 
follows: 

Volume of dam (in yards) 

Height above streambed (ft.) 

Height above lowest excavation (ft.) 

Power supply is scheduled to begin 
(Engineering News-Record, Vol. 151, No. 
31, 1953, p. 28, 4 pp., 7 ff.). 


Improving Frequency Stability 

The methods and means of improving the stability 
of frequency in a system fed by a hydro-electric 
generating plant are reviewed in detail, beginning with 
low-head plants, which generally imply the most un- 
favourable conditions. The authors restrict their con- 
siderations to relatively narrow load fluctuations, such 
as are the rule in medium-size systems, and emphasise 
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the influence of the parameters on which the stability 
of frequency mainly depends in installations of the 
type under investigation:—acceleration constant, time 
constant of regulation system, time constant of pen- 
stock, sensitivity factor of couples in relation to 
frequency variations, stabilisation factor, and time 
constant of load variation. (M. Cuénod and J. Wahl, 
Société Ofinco, Geneva, Bulletin Technique de la 
Suisse Romande, Vol. 80, No. 6, 20.3.1954, p. 77, 
9 pp., 17 ff.; No. 7, 3.4.1954, p. 89, 6 pp., | f.) 


Wanjii Power Station 

This station, commissioned by the East African 
Power & Lighting Co. Ltd., is situated some 50 miles 
north of Nairobi, and about half-way between that 
city and Mount Kenya, which rises to a height of 
17,000 ft. The scheme is unusual in that the turbines 
operate at two different heads, the water from the 
two larger sets (3,000 kVA) being drawn from a dam 
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on the Mathioya River, while the smaller sets derive 
their water from the Maragua. The larger units are 
driven by 3,600 h.p. Harland-Morgan Smith turbines, 
arranged horizontally and running at a speed of 600 
r.p.m. under a net head of 335 ft. The smaller units, 
of which one only is at present installed, are driven 
by turbines of the same make and develop 1,500 h.p. 
when operating at 750 r.p.m. under a net head of 
221 ft. 

A novel limiter device is used to control the clos- 
ing rate of the governing gear in the event of the oil 
pressure failing, enabling the gates to be closed over 
a predetermined time interval that is calculated to 
prevent a dangerous pressure rise in the penstock, 
but at the expense of a speed rise which, however, 
is well within the designed safe limit. (H. Grafen, 
Dip.R.T.C., The Harland Magazine, page 12, 5 pp.. 
5 ff.). 
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